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ABSTRACT
Polym eric hydroperox ides cou ld  n o t be p rep a red  
from p o ly (s ty re n e -c o -m e th y l m e th a c ry la te )  through t e r t i a r y  
a lco h o l s id e -g ro u p s  and subsequent h y d ro p e ro x id a tio n  w ith  
hydrogen p ero x id e  due to  lack  of r e a c t io n  in  th e  f i r s t  
s tep  between G rignard  re a g en ts  and th e  m ethyl m e th a c ry la te  
u n i t s .
The re a c t io n  between su c c in ic  anhydride and 
t - b u ty l  hydroperox ide has been u t i l i s e d  to  produce p a r t i a l  
t - b u ty l  p e re s te r s  of p o ly ( s ty re n e -a l t-m a le ic  anhydride) 
and th e  p ro d u c ts  have been employed to  i n i t i a t e  th e  
p o ly m e risa tio n  in  s o lu t io n  of n -b u ty l  m e th a c ry la te , 
m e th a c ry lic  a c id , v in y lid e n e  c h lo r id e , a c r y l o n i t r i l e  
and m ethyl m e th a c ry la te .
In  th e  case  of a c r y lo n i t r i l e  th e  polym eric 
i n i t i a t o r  was rendered  w a te r -so lu b le  by p a r t i a l  
n e u t r a l i s a t io n  of c a rb o x y lic  ac id  groups w ith  a l k a l i .  
P o ly m erisa tio n  in  aqueous s o lu tio n  was e f fe c te d  by 
"redox" i n i t i a t i o n ,  and th e  polymer was p r e c ip i ta te d
as formed. With m ethyl m e th ac ry la te  " th e rm al"  
i n i t i a t i o n  was employed in  acetone  s o lu t io n ,  th e  system  
rem aining homogeneous.
G ra ft co p o ly m erisa tio n  o f th e  secondary 
monomers to  th e  i n i t i a t i n g  polymer was evidenced by 
p h y s ic a l behav iou r in  some c a se s , and fo r  a c r y l o n i t r i l e  
and m ethyl m e th a c ry la te  was e s ta b lis h e d  by f r a c t io n a t io n  
and a n a ly t ic a l  exam ination of th e  f r a c t io n s .  
A c ry lo n i t r i le  g r a f t  copolymers were f r a c t io n a te d  by 
s e le c t iv e  e lu t io n ,  w h ile  th e  m ethyl m e th a c ry la te  g r a f t  
copolym ers were su b jec te d  to  f r a c t io n a l  p r e c ip i t a t io n .  
The f r a c t io n s  were c h a ra c te r is e d  by in f r a - r e d  a n a ly s is ,  
and a ls o ,  in  th e  case  of m ethyl m e th a c ry la te  g r a f t  
copolym er, by p y ro ly s is  in  co n ju n c tio n  w ith  g a s - l iq u id  
chrom atography.
NOTE
The substance  of s e c tio n s  7 .6 .1 . ,  7 .7 .1 .9 . ,  
7 .8 .3 . ,  7 .8 .5 . ,  7 .9 .4 .4 . ,  7 .9 .5 . ,  and 7 .1 0 .2 . to  7 .1 0 .6 . 
d ea lin g  w ith  th e  p re p a ra t io n  of p o ly (s ty re n e -a l t -m a le ic  
anhydride) and i t s  p a r t i a l  t - b u ty l  p e r e s te r s ,  and th e  
use of th e  l a t t e r  in  e f f e c t in g  g r a f t  co p o ly m erisa tio n  
o f a c r y lo n i t r i l e  and m ethyl m e th a c ry la te , was 
p re sen te d  as a c o n tr ib u tio n  to  th e  I n te r n a t io n a l  
Union of Pure and A pplied  Chem istry Symposium on 
M acrom olecular Chem istry in  P rague, 1965, under th e  
t i t l e  lfG ra ft C opolym erisation  v ia  Polym eric I n i t i a t o r s " .  
T his paper w i l l  be p u b lish ed  in  th e  Jo u rn a l o f Polymer 
Science in  due co u rse .
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1. INTRODUCTION
P o ly m erisa tio n  may be d e fin ed  as th e  p ro cess  by 
which sm all m olecules (monomers), a re  chem ica lly  lin k e d  to g e th e r  
to  form m acro-m olecules (po lym ers). The mechanism may u t i l i s e  
a d d it io n  re a c tio n s  to  o le f in ic  double bonds, co n d ensa tion  between 
s u i ta b le  fu n c tio n a l g roups, rin g -o p en in g  p ro ced u res , o r combina­
t io n s  o f th e se  ty p e s . The p ro d u c ts  may be d e fin ed  n o t on ly  by 
th e  chem istry  o f th e  r e a c ta n ts  o r th e  p ro c e ss , b u t a lso  
accord ing  to  o r ig in  (n a tu ra l  o r s y n th e t ic ) ,  chem ical n a tu re  
(o rg an ic  or in o rg a n ic ) , p h y s ic a l p ro p e r t ie s  (m o lecu lar w e ig h t, 
th e rm o p la s t ic i ty , e l a s t i c i t y ,  c r y s t a l l i n i t y ,  e t c . )  o r s t e r i c  
c o n f ig u ra tio n  (bo th  m ic ro s tru c tu re  and m a c ro s tru c tu re ) .
1 .1 . COPOLYMERISATION
C opolym erisation  i s  a term  more o r le s s  r e s t r i c t e d
by convention  to  a d d itio n  (and rin g -o p en in g ) p o ly m e risa tio n s  in
which more than  one monomer sp e c ie s  p a r t ic ip a te s  in  th e  r e a c t io n .
T his i s  in  d i s t in c t io n  to  hom opolym erisation where only  one
monomer i s  employed. The d is p o s i t io n  o f monomer u n i t s  along
a copolymer ch a in  i s  determ ined  by th e  r e l a t i v e  r e a c t i v i t i e s
o f th e  m onom ers^*^ thus m ethyl m e th a c ry la te  and s ty r e n e ^ ^
3
may be copolym erised in  v i r t u a l l y  any p ro p o r tio n s  and th e  
p ro d u c t w i l l  always be a random copolymer ty p i f ie d  by th e  
fo llow ing  id e a l is e d  s t r u c tu r e : -
- 12 -
  ABBABABMABABBAABBBABBA.. . .........
In  th e  case  o f v in y l  a c e ta te  (A) and m aleic  anhydride  (B ), 
s in ce  th e  l a t t e r  cannot undergo hom opolym erisation, i t  i s  
v i r t u a l l y  im p ossib le  fo r  two m aleic  anhydride u n i ts  to  occur 
to g e th e r  in  th e  copolym er. On th e  o th e r  hand, v in y l  a c e ta te  
may be re a d i ly  homopolymerised and i t  m ight be expected  th a t  
u n i ts  o f th i s  monomer could  r e a d i ly  occur to g e th e r  in  th e  
copolym er; however, th e  r e l a t i v e  r e a c t i v i t i e s  a re  such th a t  
th e re  i s  much g re a te r  p ro b a b i l i ty  th a t  v in y l a c e ta te  w i l l  add 
on to  a growing polymer te rm in a ted  a t  th e  a c t iv e  end by a m ale ic  
anhydride u n i t  r a th e r  than  to  one te rm in a ted  by a v in y l  a c e ta te  
u n i t .  The r e s u l ta n t  copolymer th e re fo re  has an a l te r n a t in g  
s t r u c tu r e  re p re se n te d  as fo llow s
 ABABABABABABABABABAB. . . . . .
Excess m ale ic  anhydride (over th e  s to ic h io m e tr ic  equ i-m olar 
p ro p o rtio n ) w i l l  th e re fo re  rem ain unpolym erised, w h ile  excess 
v in y l a c e ta te ,  i f  po lym erised , can only form v in y l  a c e ta te  
homopolymer.
1 .2 . BRANCHING
Branching o f th e  polymer ch a in s  occurs in  many 
in s ta n c e s  o f hom opolym erisation. The same phenomenon can 
a ls o  ta k e  p la c e  w ith  bo th  random and a l te r n a t in g  copolym ers.
The fo llow ing  diagram s re p re se n t extrem e cases  o f b ra n c h in g :-
- 13 -
/
Few sh o r t branches 
n o t m u lti-b ran ch ed
Many long b ranches 
and m u lti-b ran ch ed
I f  d i - f u n c t io n a l  monomers, ( e .g .  d iv in y lb en zen e) a re  in c o rp o ra te d  
in  a copolym er, then  b ranch ing  i s  accen tu a ted  and may reach  th e  
s t a t e  where many, i f  n o t m ost, o f th e  ch ain s a re  lin k e d  in  a 
con tinuous th re e -d im e n sio n a l (c ro s s - lin k e d )  netw ork.
1 .3 . GRAFT AND BLOCK COPOLYMERS
branch ing  o f polym ers, b r i e f ly  d e sc rib ed  above, i t  i s  p o s s ib le  
to  en g in ee r d e l ib e r a te  and sometimes c o n tro l le d  b ranch ing  by 
s p e c ia l is e d  te ch n iq u es . Such a p ro cess  has been termed 
GRAFT COPOLYMERISATION, and in  th e  sim ple case  o f homopolymer 
ch a in s  d e riv ed  from ficnomers A and B, th e  p roduct may be 
re p re se n te d  a s : -
In  a d d itio n  to  th e  spontaneous and random s e l f -
AAAAAAAAAAAAAAAAAAAAAAAA
B
B
B
B B
B
B
B
'Z~rr.
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The s p e c ia l  case  where th e  two sp ec ie s  o f chain  form a l in e a r
m acrom olecule may be ach ieved  under c e r ta in  c o n d itio n s  and has
been term ed BLOCK COPOLYMERISATION, re p re se n te d  th u s : -
. . . . . . BBBBBBBB-AAAAAAAAAAAAAAAAAAA-BBBBBBBB.. . . . .
Examples o f th e se  two types o f g r a f t  co p o ly m erisa tio n  may be
found in  th e  realm  o f commercial polym ers. ,rHeveaplus M" i s
a n a tu r a l  rubber (c is -1 :4 -p o ly iso p re n e )  onto which m ethyl
4
m e th a c ry la te  has been g r a f t  copolym erised . The "P lu ro n ic "
range o f n o n -io n ic  s u r f a c ta n ts  c o n s is ts  of e s s e n t ia l ly  l in e a r
b lo ck  copolym ers in  which a c e n t r a l  b lock  o f p o ly (p ro p y len e
5
oxide) i s  flan k ed  by two b locks o f p o ly (e th y le n e  o x id e ).
1 .3 .1 . Nomenclature
I t  may be re a d i ly  seen th a t  a l l  th e  v a r ia b le s ,  
p o s s ib le  in  th e  a r c h i te c tu r e  o f homopolymers and copolym ers 
can be superim posed on g r a f t  and b lo ck  copolym ers. Thus ; a .. 
sy stem atic ' nom enclature  becomes n ecessa ry  to  d e sc r ib e  unam^ . 
b ig u o u sly  th e  la rg e  v a r ie ty  o f conce iv ab le  ra m if ic a t io n s .
Such a scheme has been proposed by C eresa, and th i s  w i l l  be 
fo llow ed in  th e  rem ainder o f t h i s  th e s i s .^  In  th i s  system  
th e  "Chem ical A b s tra c ts "  nom enclature fo r  homopolymers i s  used , 
e .g .  po ly (m ethy l m e th a c ry la te ) , p o ly s ty re n e , p o ly (v in y l a c e ta te ) ,  
e tc .  Random copolym ers a re  in d ic a te d  by th e  p r e f ix  - c o - ,  
e .g . po ly (m ethy l m e th a c ry la te -c o -s ty re n e ) . Where n e c e ssa ry , 
a l t e r n a t in g  copolym ers can be d i f f e r e n t i a t e d  by re p la c in g  
-c o - by - a l t - ,  e .g .  p o ly (v in y l a c e ta te - a l t - m a le ic  an h y d rid e ).
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I t  i s  a lso  u s e fu l  to  fo llow  th e  convention  th a t  in  d e sc r ib in g  
a random copolymer th e  f i r s t  monomer i s  th e  one p re s e n t in  th e  
g re a te r  p ro p o r tio n , on a w eight b a s is  r a th e r  than  on a m olar 
b a s is ;  thus p o ly (b u ta d ie n e -c o -s ty re n e )  re p re se n ts  a low 
s ty re n e -b u ta d ie n e  ru b b e r, w h ile  p o ly (s ty re n e -c o -b u ta d ie n e )  
d e sc r ib e s  a h igh  s ty re n e -b u ta d ie n e  r e s in .
To d i f f e r e n t i a t e  between b lock  and g r a f t  copolymers
i t  i s  n e ce ssa ry  to  in tro d u c e  th e  a d d i t io n a l  p re f ix e s  -b -  and
-g -  r e s p e c t iv e ly .  The firs t-n am e d  polymer segment corresponds
to  th e  homopolymer o r copolymer p rep ared  in  th e  f i r s t  s ta g e  o f
th e  s y n th e s is ,  th a t  i s  th e  "backbone" o f a g r a f t  copolym er.
"H eveaplus" i s  thus n a tu r a l  c is - l :4 -p o ly ( is o p re n e -g -m e th y l  
4m e th a c ry la te )  w h ile  th e  "P lu ro n ic s"  a re  d e sc rib e d  as po ly
5
(p ropy lene  o x id e -b -e th y le n e  o x id e ). I t  should  be no ted  th a t  
co n v en tio n a l p re f ix e s  such as '’n a tu r a l" ,  ” c i s - M, " 1 :4 -” , 
" o r th o - " ,  "m e ta -" , " p a r a - " ,  "norm al", "se c o n d ary -" , " a lp h a -" , 
can be in s e r te d  in  t h e i r  u su a l positions. O ther phenomena can 
s im i la r ly  be acknowledged, e .g . b ranch ing  ( b r ) , c ro s s - l in k in g  
( c • 1 . ) ,  i s o t a c t i c i t y  ( i s o ) ,  s y n d io ta c t ic i ty  (sy n d io ) , 
a t a c t i c i t y  ( a ) .^
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2. METHODS & MECHANISMS OF GRAFT COPOLYMERISATION
2 .1 . PHYSICAL TECHNIQUES
2 .1 .1 . T ra n s fe r  R eac tio n s
The f r e e - r a d ic a l  i n i t i a t e d  p o ly m erisa tio n  o f an 
e th y le n ic  monomer may in v o lv e  a number o f t r a n s f e r  re a c tio n s  
which to g e th e r  form one ro u te  to  ch a in  te rm in a tio n ; the  a l t e r ­
n a tiv e  mechanism o f te rm in a tio n  i s  by com bination o f two growing 
c h a in s . T ra n s fe r  r e a c tio n s  may occur between a growing chain  
and monomer, i n i t i a t o r ,  m o lecu lar w eight c o n t r o l le r ,  s o lv e n t , 
dead polym er, or even an o th er growing ch a in ; th e se  may be 
re p re se n te d  th u s :-
R . + M —  r
R . + I  —  r
R . + RSH—  r
R . + S —  r
R . + P. —  r  s
R . + R .—r  s
S im ila r  r e a c t io n s  can occur w ith  i n i t i a t o r  fragm ents re sp o n s ib le  
fo r  th e  r a d ic a l  a t ta c k .  The t r a n s f e r  mechanism proceeds by th e  
t r a n s f e r  o f a hydrogen (o r  halogen) atom from th e  second m olecule 
to  th e  growing c h a in , thus r e s u l t in g  in  th e  te rm in a tio n  o f th e  
l a t t e r ;  th e  f r e e  r a d ic a l  c h a ra c te r  i s  thus " t r a n s f e r r e d "  to  
th e  second m o lecu le , which in  i t s  tu rn  may o r may n o t i n i t i a t e  
fu r th e r  p o ly m e risa tio n  o f monomer.
p + M#
r (Monomer) (a)
P- + I .  r ( I n i t i a t o r ) (b)
P + RS. r (M ercaptan) (c)
P + S. r (S o lven t) (d)
P + R . r  s (Dead polymer) (e)
P + .R . r  s (Polymer r a d ic a l ) ( f )
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The l a s t  r e a c t io n  ( f )  can lead  to  ch a in  b ranch ing
on account o f th e  double f r e e  r a d ic a l  c h a ra c te r  o f (e)
t r a n s f e r  to  dead polymer a lso  norm ally  g iv es  r i s e  to  chain
b ran ch in g , prom inent in  th e  s e l f - t r a n s f e r  to  which p o ly v in y l
a c e ta te  and p o ly e th y le n e  a re  p a r t i c u la r ly  s u s c e p t ib le .  T his
re a c tio n  p ro v id es  a method fo r  producing  g r a f t  copolymer i f
P re p re s e n ts  a d i f f e r e n t  polymer sp ec ie s  from R • However, s r
b ranch ing  (o r  g ra f t in g )  may be l im ite d  o r p rev en ted  i f  th e  back­
bone r a d ic a l  s t a b i l i s e s  i t s e l f  by e lim in a tin g  hydrogen from an 
a d jac e n t carbon atom, th u s  form ing a double bond, o r i f  d is -  
p ro p o r tio n a tio n  o ccu rs , y ie ld in g  an o le f in  and a sm a lle r r a d ic a l ,  
i t s e l f  cap ab le  o f i n i t i a t i n g  b lo ck  co p o ly m erisa tio n . A lthough
th e se  p o s s i b i l i t i e s  have n o t been s tu d ie d  in  d e t a i l ,  d eg rad a tio n
8o f th e  backbone has been n o ted . The in i t ia l ly - f o r m e d  in s o lu b le
g e l - g r a f t  o f v in y l  a c e ta te  on to  p o ly (e th y l  a -c h lo ro a c ry la te )
9
i s  p ro g re s s iv e ly  s o lu b i l iz e d  as th e  r e a c tio n  p roceeds. A
s im ila r  low ering o f th e  m o lecu lar w eight o f th e  backbone was
n o ted  fo r  th e  g r a f t in g  o f m ethyl m e th a c ry la te  and v in y l  a c e ta te
on to  p o ly (v in y l b e n z o a te ) .^
The t r a n s f e r  p rocedu re  was f i r s t  suggested  by
F l o r y ^  in  1937, and i t  has s in c e  been employed in  b u lk , em ulsion,
12suspension  and s o lu t io n  te c h n iq u e s . Compagnon and le  B ras, 
in  th e  f i r s t  re p o r te d  sy n th e s is  o f g r a f t  copolym ers o f ru b b er, 
used e th y l  p e ro x id e  to  i n i t i a t e  p o ly m e risa tio n  o f v a rio u s  v in y l 
monomers which w ere absorbed  in to  th e  p a r t i c l e s  o f s t a b i l i s e d  
n a tu r a l  l a te x ;  th i s  led  to  com m ercial e x p lo i ta t io n  u s in g  n a tu r a l
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4rubber in  la te x ,  s o lu t io n ,  o r b u lk  form as th e  backbone polym er;
in  such system s th e  t r a n s f e r  e f f ic ie n c y  of benzoyl p e ro x id e
ra d ic a ls  has been dem onstrated  in  c o n tra s t  w ith  th e  in e f f ic ie n c y
13of a s o b is i s o b u ty r o n i t r i le  and polym eric r a d ic a l s .  S y n th e tic  
rubbers  o f th e  b u ta d ie n e  copolymer type in  common w ith  n a tu r a l  
rubber possess an u n sa tu ra te d  backbone s t r u c tu r e  and have a lso  
been employed fo r  g r a f t  co p o ly m erisa tio n  by s e v e ra l  w o r k e r s .^ 9^ 9^  
L a te r  w orkers have d e sc rib e d  a g re a t  v a r ie ty  o f g r a f t  copolym er­
i s a t io n s  r e s u l t in g  in  th e  u l t im a te  p ro d u c tio n  o f H eveaplus and
17s tu d ie d  th e  in f lu e n c e  of c o n d itio n s  upon th e  s i t e  of g r a f t in g .
Roland and R ichards g r a f t  copolym erised e th y len e  on to  p o ly v in y l
18a c e ta te ,  w h ile  C a r l in ,  H ufford  and Shakespeare sy n th e s ise d
19 20p o ly (m ethy l m e th a c ry la te rg -p -c h lo ro s ty re n e ) . 9 In  1952 Smets
and C laesa  d e sc rib e d  th e  g r a f t  co p o ly m erisa tio n  o f v in y l  a c e ta te ,
v in y l  c h lo r id e , s ty re n e  and m ethyl m e th a c ry la te  on to  th e  homopolymers
21of th e  same fo u r monomers, some in  bu lk  and some in  s o lu t io n .
Emulsion homopolymers of v in y l  a c e ta te ,  a c r y l o n i t r i l e ,  s ty re n e  and
v in y l  ch lo rid e sw ere  used by Hayes fo r  th e  g r a f t  co p o ly m erisa tio n  o f
v in y l a c e ta te ,  s ty re n e , and v in y l  c h lo r id e ;  th i s  work in c lu d ed
a study of th e  e f f e c t s  o f i n i t i a t o r  and m o lecu lar w eight
22c o n t r o l le r  c o n c e n tra tio n s  on g r a f t in g  e f f ic ie n c y .
T h e o re tic a l  a sp e c ts  o f g r a f t  co p o ly m erisa tio n  by
11t r a n s f e r  re a c t io n s  w ere d e a l t  w ith  by F lo ry  in  1937 and su b seq u en tly  
23-25by o th e r  w orkers . C o n sid e ra tio n  o f t r a n s f e r  r a t e  r e l a t i v e  to
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to  p ro p ag a tio n  r a t e  led  to  th e  co n c lu sio n  th a t  fo r  some system s th i s  
method cou ld  g iv e  a h igh  y ie ld  o f g r a f t  copolymer.
2 .1 .1 .1 .  U n sa tu ra ted  end-groups
A s p e c ia l  case  of ch a in  t r a n s f e r  occurs when mechanism
(e ) in v o lv es  polym er w ith  a te rm in a l u n sa tu ra te d  monomer u n i t
26re s u l t in g  from ch a in  te rm in a tio n  by d is p ro p o r t io n a tio n . The 
a l l y l i c  s t r u c tu r e  and th e  l a b i l i t y  of th e  hydrogen atoms f a c i l i t a t e  
r a d ic a l  a t ta c k  and consequent ch a in  t r a n s f e r .  The s te p s  invo lved  
may be d e p ic ted  as fo llow s ta k in g  m ethyl m e th a c ry la te  as example 
fo r  th e  p rim ary  monomer and v in y l  a c e ta te  fo r  g r a f t in g .  (See 
page 20 ).
The b lo ck  copolymer formed may be changed p ro g re s s iv e ly  
in to  a g r a f t  copolymer by th e  r e p e t i t io n  o f th e  same mechanism.
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2 .1 .1 .2 .  U n sa tu ra ted  back-bone
As an e x ten s io n  o f th e  p r in c ip le  o f u t i l i s i n g  th e
enhanced r e a c t iv i t y  o f backbone u n s a tu ra t io n , s e v e ra l  w orkers
have s tu d ie d  th e  d e l ib e r a te  c o n tro l le d  in c lu s io n  o f double-bonds
r a th e r  th an  depend on d is p ro p o r tio n a tio n  g iv in g  only u n s a tu ra te d
27end-groups. Smets and Schmets copolym erised m ethyl m e th a c ry la te
w ith  sm all p ro p o r tio n s  o f e th y lid e n e  d im e th a c ry la te ; t h i s
produced a polymer w ith  u n sa tu ra te d  s id e  groups which y ie ld e d
g r a f t  copolym ers w ith  e th y l  a c r y la te  and s ty re n e  during  second-
s tag e  p o ly m e risa tio n . A s im ila r  p r in c ip le  i s  in v o lved  in  th e
"cu rin g 11 o f u n sa tu ra te d  p o ly e s te r s  w ith  v in y l  monomers such as 
28 29s ty re n e , 7 in  t h i s  case  g ra f t in g  le ad s  to  some d e s ir a b le .
c ro s s - l in k in g  by te rm in a tio n  o f some o f  th e  g ra f te d  ch a in s  by
m utual com bination . Kovacs and C harlesw orth  have d e sc rib ed  th e
g ra f t in g  o f  v a r io u s  s ty re n e  copolymers w ith  m ethyl m e th a c ry la te ,
a c r y l ic  a c id , e th y l  a c r y la te  and 2 -e th y lh e x y l a c r y la te  on to  a
30s e r ie s  o f a lkyds c o n ta in in g  v a ry in g  degrees o f  u n s a tu ra tio n .
I t  i s  w orth  n o tin g  th a t  backbone u n s a tu ra t io n , as found in  syn­
th e t i c  ru b b e rs , i s  u s u a lly  accompanied by a p ro p o r tio n  o f pendant 
u n sa tu ra te d  g roups; th e  l a t t e r  show lower g r a f t in g  r e a c t iv i t y .
A s im ila r  d i s t in c t io n  may occur w ith  u n sa tu ra te d  p o ly e s te rs  
u t i l i s i n g  m ale ic  a c id  (backbone) o r i ta c o n ic  a c id  (p en d an t). 
E th y lid en e  d im e th a c ry la te , o f c o u rse , produces u n s a tu ra tio n  o f 
th e  pendant ty p e . A nother example o f g r a f t in g  v ia  r e a c t iv e  s id e -  
groups i s  found in  p o ly (v in y l b enzoate-g -m ethy l m e th a c ry la te )  o r
p o ly (v in y l b e n z o a te -g -v in y l a c e ta te )  as p rep ared  by Smets and 
10H ertoghe. P o ly v in y l benzoate  was d is so lv e d  in  th e  monomer 
and copolym erised  by h e a tin g  w ith  benzoyl p e ro x id e . In  th i s  case  
g ra f t in g  i s  b e lie v e d  to  ta k e  p la c e  a t  r e a c t iv e  s i t e s  on th e  
arom atic  n u c le i  by a d d itio n  o f th e  polym eric r a d ic a l  to  a n u c le ic  
double bond fo llow ed  by a p ro to n  t r a n s f e r  from th e  re so n an t 
s t r u c tu r e s  to  th e  monomer, as fo llo w s:
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2 .1 .1 .3 .  C h a in - tra n s fe r  s id e-g ro u p s
Preform ed polym ers may be sy n th es iz ed  w ith  s id e  groups
having very  h igh  c h a in - t r a n s f e r  c o n s ta n ts , e .g .  m ercaptan groups.
Where th e  c o n c e n tra tio n  o f such groups i s  h igh  th e  g r a f t  copolymers
so formed a re  u s u a lly  c ro ss  lin k ed  ( te rm in a tio n  o f some o f th e
g ra f te d  ch a in s  by m utual com bina tion ). By co p o ly m erisa tio n  w ith
an in a c t iv e  monomer th e  number o f a c t iv e  groups in  the  preform ed
31polymer may be re g u la te d . Fox, Gluckman and co-w orkers p rep ared
m ethyl m e th a c ry la te  copolym ers c o n ta in in g  1-5 mole p e rc e n t o f
g ly c id y l m e th a c ry la te  and re a c te d  th e se  copolymers w ith  an excess
of th io g ly c o l l ic  a c id  to  in tro d u c e  two th io l  groups in  p la c e  o f
each o f th e  o r ig in a l  epoxide groups.
The g ly c id y l  copolymer was a lso  re a c te d  w ith  hydrogen
su lp h id e  in  th e  p re sen ce  o f sodium e th ox ide  under p re s su re  to
in tro d u ce  a s in g le  t h i o l  group p e r g ly c id y l group. S ty ren e ,
n -b u ty l m e th a c ry la te , la u ry l  m e th a c ry la te , m ethyl a c r y la te  and
e th y l a c r y la te  were examined as g ra f t in g  monomers.
32S ch o n fie ld  and W altcher used a s im ila r  method to  
p rep a re  a g r a f t  copolymer o f s ty re n e  w ith  p o ly ( p e n ta e r y th r i to l -  
dibrom ide a d ip a te ) ; in  th i s  case  th e  bromomethyl groups p rov ided  
th e  r e a c t iv e  s i t e s  fo r  g ra f t in g  by ch a in  t r a n s f e r .
When so lv e n t i s  in tro d u ce d  in to  th e  in itia to r /m o n o m e r/ 
polymer system  f u r th e r  p o s s i b i l i t i e s  a r i s e .  The so lv e n t may be 
s e le c te d  to  be an e f f i c i e n t  ch a in  t r a n s f e r  a g en t, o r such an 
agen t may be in c lu d ed  in  a d d it io n  to  so lv e n t.
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I t  can be seen th a t ,  in  g e n e ra l, t r a n s f e r  mechanisms 
lead  to  b lock  or g r a f t  copolym ers contam inated  by one, and 
sometimes two, u n g ra fte d  polym ers.
2 .1 .2 . I r r a d i a t i o n  Methods
2 .1 .2 .1 .  U ltra  V io le t  R ad ia tio n
Using chem ical methods to  in tro d u ce  bromine atoms
33a t  random s i t e s  along th e  polymer c h a in , Jones p rep ared
p o ly (s ty re n e -g -m e th y l m e th a c ry la te )  by i r r a d ia t in g  benzene
s o lu tio n s  o f p o ly s ty re n e  in  th e  p resen ce  of th e  monomer.
34Otsu used a s im ila r  p r in c ip le  to  produce th e  same g r a f t
copolymer when he in tro d u ced  Et.  ^ N-CS-S- groups a t  random
p o s it io n s  along a p o ly s ty re n e  ch a in  by re f lu x in g  th e  polym er in
benzene s o lu t io n  w ith  t e t r a e t h y l  th iu ram d isu lp h id e . oc-chloro-
35a c r y l o n i t r i l e  was used by M ille r  as a comonomer fo r  a c r y lo n i­
t r i l e  to  p ro v id e  g ra f t in g  s i t e s  when subsequen tly  i r r a d ia te d  in  
th e  p resen ce  o f acry lam ide . Polymers and copolymers c o n ta in in g  
v in y l ke tones may be i r r a d ia te d  to  produce bo th  a polym eric and 
a monomeric f r e e  r a d ic a l  lead in g  r e s p e c tiv e ly  to  g r a f t  copo ly ­
m e ris a tio n  and hom opolym erisation o f added monomer, a s , fo r
example, sy n th eses  o f po ly (m ethy l v in y l  k e to n e - g - a c r y lo n i t r i le )
36by G u i l le t  and N o rrish .
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W hile r e l a t i v e l y  few polym ers can be a c t iv a te d
d i r e c t ly  by U.V. r a d ia t io n ,  many a re  b rought w ith in  th e  scope o f
th e  tech n iq u e  by employing p h o to s e n s i t iz e r s .  I r r a d i a t i o n  in  th e
presence  o f oxygen and benzophenone produced hydroperox ide  groups
37on th e  s u rfa c e  o f  p o ly e th y le n e  f ilm  which O ster and o th e rs  then
hea ted  w ith  s ty re n e  in  th e  absence o f  oxygen to  produce po ly (e thy lene*
g -s ty re n e ) ;  in  th i s  in s ta n c e  i r r a d i a t i o n  may be reg ard ed  as a
p re lu d e  to  u t i l i s i n g  one o f th e  chem ical tech n iq u es  d e sc rib e d  l a t e r .
The same r e s u l t  was o b ta in ed  by i r r a d i a t i n g  th e  polymer in  th e
38presence  o f monomer. O ste r  e a r l i e r  used benzophenone as s e n s i t i z e r
39-42to  produce n a tu r a l  c is - l :4 -p o ly ( is o p r e n e -g -a c ry la m id e ) . Cooper , 
and co-w orkers made an e x te n s iv e  s tudy  o f v a rio u s  p h o to s e n s i t iz e r s  
in  r e l a t io n  to  th e  g r a f t in g  o f m ethyl m e th a c ry la te  on to  n a tu r a l  
rubber l a te x ;  tem p era tu re  was found to  have a marked e f f e c t  on 
g ra f t in g  e ff ic ie n c y *  H ydrazine c a ta ly s e d  by c u p ric  io n s  as a pho to -
43i n i t i a t i o n  method was in tro d u ce d  by Menon and Kapur a ls o  fo r  
n a tu ra l  c is - l :4 -p o ly ( is o p re n e -g -m e th y l  m e th a c ry la te )  l a te x ;  f e r r i c  
ions cou ld  a ls o  be employed under n itro g e n  atm osphere.
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4.(3
S tan n e t and co-w orkers have used an th raqu inone  dyes as
p h o to in i t i a to r s  in  producing  g r a f t  copolymers o f a c r y l o n i t r i l e  
on to  c e l lu lo s e  and o th e r  polym ers, and a lso  o th e r  monomers o n to  
c e l lu lo s e .
2 .1 .2 .2 .  E le c t r ic  D ischarge
47Bamford, C righ ton  and Ward, in  d isc u ss in g  th e  
uses o f th e  e l e c t r i c  d isch a rg e  in  polymer sc ie n c e , re p o r t  th e  
g r a f t  co p o ly m erisa tio n  o f a c ry lo n itr i le  and m e th a c ry lic  a c id  on 
to  p o ly e th y len e  and po lypropy lene  u t i l i s i n g  bo th  un o x id ised  and 
o x id ised  d isch a rg e -in d u ced  su rfa c e  r a d ic a ls .  The e le c tro n  and 
resonance s p e c tra  o f m a te r ia ls  su b je c te d  to  th e  d isch a rg e  
resem ble th o se  produced by exposure to  X -rays, gamma-rays or 
o th e r  forms o f h ig h  energy r a d ia t io n .  The low energy (p robab ly  
le s s  than  10 e . v . ) o f th e  r a d ia t io n  would be expected  to  y ie ld  
r a d ic a ls  only in  a r e l a t i v e l y  th in  su rfa c e  la y e r ,  and t h i s  was 
v e r i f i e d  ex p e rim en ta lly . When oxygen was adm itted  to  a s p e c i­
men i r r a d ia t e d  in  vacuo a marked d if fe re n c e  in  behav iou r 
between p o ly e th y le n e  and po lypropy lene  was observed , th e  form er 
y ie ld in g  very  u n s ta b le  p e ro x y - ra d ic a ls ,  w h ile  po lypropy lene  
gave s ta b le ,  t i t r a t a b l e  p e ro x id e s . N e v e rth e le ss , th e  p o ly e th y le n e  
so t r e a te d  was s t i l l  capab le  o f i n i t i a t i n g  g r a f t  c o p o ly m erisa tio n , 
in  th e  case  o f a c r y l o n i t r i l e  w ith  even g re a te r  a c t i v i t y  than  th e  
unox id ised  form. P o lypropy lene  ( i r r a d ia te d  and o x id ised ) showed 
a tw o-stage  g r a f t in g  r e a c t io n ,  bo th  s tag e s  being  f a s t e r  than  
w ith  po ly e th y len e^  th e  f i r s t  was presumed due to  p e ro x y -ra d ic a ls
and th e  second to  peroxide# The p ro cess  was a p p lie d  to  powders, 
f ilm s , f ib r e s  and f a b r ic s  o f  p o ly o le f in s .
2 .1 .2 .3 .  Gamma R ad ia tio n
Gamma r a d ia t io n  has th e  prim ary  e f f e c t s  on polym ers 
of random rem oval o f s id e  g roups, such as hydrogen atom s, and 
f r a c tu re  o f main c h a in s , fo r  example carbon-carbon  bonds. The 
f i r s t  p ro cess  gives g r a f t in g ,  w h ile  th e  second y ie ld s  b lock  
copolym ers; in  th e  p resen ce  o f oxygen, p e ro x id e  and hydroperox ide  
groups a re  produced. At low tem p era tu res  in  th e  absence o f  oxygen 
(o r when th e  polym er i s  impermeable to  oxygen), so th a t  th e  
m o b ility  o f  th e  polym er ch a in s  i s  reduced , trapped  r a d ic a ls  a re  
formed. The recom bination  o f  r a d ic a ls  a t  h ig h e r  tem p era tu res  
leads to  c ro s s l in k in g  and b ran ch in g , w h ile  d is p ro p o r tio n a tio n  
g ives polymer d e g ra d a tio n  w ith  consequent re d u c tio n s  in  th e  
average m o lecu lar w e ig h ts .
These i r r a d i a t i o n  e f f e c t s  can be used to  sy n th e s iz e  
b lock  copolym ers in  d i f f e r e n t  ways. The s o l id  polymer may be 
p re tr e a te d  w ith  i r r a d i a t i o n  in  th e  absence o f a i r  to  produce 
trapped  r a d ic a ls  o r in  th e  p resen ce  o f oxygen to  in tro d u c e  
p e ro x id ic  and h y d ro p e ro x id ic  g ro u p in g s . Subsequent tre a tm e n t 
o f th e  i r r a d i a t e d  polym er w ith  a v in y l  monomer w ith  o r w ith o u t 
the  a p p lic a t io n  p f  h e a t g iv e s  g r a f t  o r b lock  copolym ers depending 
upon th e  mode o f  d e g ra d a tio n  o f  th e  polymer during  th e  p r e - i r r ­
a d ia t io n . A lthough main ch a in  f r a c tu r e  does n o t occur w ith  a l l  
polym ers, th e  rem oval o f s id e  groups i s  common to  n e a r ly  a l l
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polym ers, so th a t  g r a f t in g  to  some e x te n t i s  alm ost in v a r ia b ly  
p re se n t in  th e  f i n a l  copolymer and th e  ex c lu s iv e  fo rm ation  
of a p u re ly  l in e a r  b lo ck  copolymer i s  u n lik e ly .
In  g e n e ra l , g r e a te r  e x te n ts  o f g r a f t in g  a re  
achieved  when th e  i r r a d i a t i o n  i s  c a r r ie d  ou t in  th e  p resen ce  
o f th e  monomer ( in  th e  absence o f a i r ) .  Homogeneous g r a f t in g  
can be ach ieved  i f  th e  polymer i s  sw ollen  by th e  monomer 
p r io r  to  i r r a d i a t i o n  w h ile  he terogeneous su rfa c e  g ra f t in g  
occurs when th e 3 polymer i s  in s o lu b le  in  th e  monomer o r i f  
in s u f f i c i e n t  tim e i s  a llow ed fo r  sw e llin g  to  occur. During 
th e  i r r a d i a t i o n  o f a v in y l  monomer hom opolym erisation occurs bo th  
in  th e  l iq u id  and sw ollen  phases due to  d i r e c t  i n i t i a t i o n  by 
r a d ic a ls  formed from th e  monomer (o r  so lv e n t m olecules i f  
p re se n t)  by th e  a d so rp tio n  o f r a d ia t io n  energy. T h is  i s  a 
d isad v an tag e  which i s  ab sen t in  th e  p r e - i r r a d i a t io n  tech n iq u e .
When a polymer i s  com plete ly  so lu b le  in  th e  monomer 
o r in  a m onom er-solvent m ix tu re , homogeneous co p o ly m erisa tio n  
co n d itio n s  a re  ach ieved  d u ring  i r r a d i a t i o n  b u t c o n s id e ra b le  
q u a n t i t ie s  o f homopolymer a re  u s u a lly  formed s im u ltan eo u s ly .
A v a r ia t io n  o f th e se  tech n iq u es  i s  to  d is p e rse  th e  polym er- 
monomer system  as an em ulsion in  an aqueous medium. Thus th e  
i r r a d ia t io n  o f  a n a tu r a l  o r s y n th e t ic  la te x ,  th e  p a r t i c l e s  o f 
which have been sw ollen  by monomer, r e s u l t s  in  th e  fo rm ation  
of h igh  y ie ld s  o f g ra f te d  copolym ers.
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In  a l l  th e se  i r r a d i a t i o n  syn theses  homopolymer 
form ation may occur by t r a n s f e r  to  monomer and by t r a n s f e r  to  
the  "new” polymer. At h igh  e x te n ts  of g r a f t i n g ,  or a t  h igh  
dose r a t e s ,  d eg rad a tio n  of the  g r a f t e d  chains  may occur , and 
th i s  w i l l  be an a d d i t i o n a l  source  of homopolymer b e s id e s  lead ing  
to  the  form ation  o f more complex g r a f te d  systems.
2 .1 .2 .4 .  X-rays
High energy X-rays a re  capab le  of g iv in g  h ig h e r  
5
dose r a t e s  ( o f  th e  o rd e r  o f  10 rad /m inu te)  than  Y-rays de rived
60 48from Co so u rces .  T h is  method was used by Chapiro to  produce
49p o l y ( e t h y l e n e - g - a c r y l o n i t r i l e ) , and by Santo and Gal to  o b ta in  
p o ly (v in y la lc o h o l-g -m e th y l  m e th a c ry la te )  as w a te r - in s o lu b le  
f i lm s .
2 .1 .2 .5 .  High Energy E lec tro n s
L in ea r  a c c e le r a to r s  ( e .g .  van de G raa f f  machines)
produce h igh  energy e le c t ro n s  g iv in g  s t i l l  g r e a t e r  dose r a t e s
6 48(o f  the  o rd e r  o f  10 ra d /m in u te ) .  Chapiro and Rapson and
50co-workers have compared h igh  energy e le c t ro n s  w ith  Y-rays 
fo r  g r a f t in g  e f f i c i e n c y .
2 .1 .2 .6 .  C ondition  o f  Polymer
I r r a d i a t i o n  techn iques  may be co n s id e red  from the  
p o in t  o f  view o f  th e  p h y s ic a l  c o n d i t io n  of the  polymer, v i z .
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( i ) Polymer in  vacuo.
( i i ) Polymer in  a i r  (oxygen).
( i i i ) Polymer unswollen in  monomer.
( iv ) Polymer swollen in  monomer.
(v) Polymer d is so lv e d  in  monomer.
(v i) Polymer in  monomer vapour.
( v i i ) Polymer emulsion.
51Using the  trapped  r a d i c a l  p rocedure  Bevington and Eaves
sy n th es ised  p o l y ( s t y r e n e - g - a c r y l o n i t r i l e )  p o ly (e th y le n e  t e r e -
p h t h a l a t e - g - a c r y l o n i t r i l e )  and n y lo n (6- 6) - g - p o l y a c r y l o n i t r i l e
by i r r a d i a t i n g  p o ly s ty re n e ,  T e ry len e ,  and nylon f i lm s  and f i b r e s
60m  vacuo w ith  Y -ra y s  from a Co source  followed by exposure 
to  a c r y l o n i t r i l e  vapour. B a l l a n t in e ,  G lin e s ,  Metz and co- 
w o rk e rs '^  in  a com parative  s tudy  o f v a r io u s  i r r a d i a t i o n  
procedures  fo r  p re p a r in g  p o ly ( e th y le n e - g - s ty r e n e ) ,  found th a t  
the  trapped  r a d i c a l  te chn ique  was th e  only one to  g ive  a p roduct 
f r e e  from s ty re n e  homopolymer. These workers confirm ed th e  
n eg a tiv e  i r r a d i a t i o n  tem pera tu re  c o e f f i c i e n t  fo r  g r a f t i n g  
e f f i c i e n c y ;  t h i s  r e s u l t s  from th e  in c re a se d  m o b i l i ty  o f  trapped  
r a d ic a l s  a t  h ig h e r  tem pera tu re  f a c i l i t a t i n g  combination and d i s -  
p ro p o r t io n a t io n  r e a c t io n s  b e fo re  th e  second monomer i s  adm itted  
to  th e  system. In  c o n t r a s t ,  s in c e  g r a f t  copo ly m erisa t io n  o f  th e  
second monomer i s  c o n t r o l l e d  by d i f f u s io n  o f  monomer in to  the  
i r r a d i a t e d  polymer, th e  e f f i c i e n c y  o f  t h i s  s tep  has a p o s i t i v e  
tem pera tu re  c o e f f i c i e n t .  P o ly e th y len e  a f fo rd s  an example o f  th e
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r e l a t i v e  e f f e c t s  o f  amorphous and c r y s t a l l i n e  reg io n s  on th e
e f f i c i e n c i e s  o f  t r a p p e d - r a d ic a l  g e n e ra t io n  and subsequent g r a f t i n g .
48 55Chapiro 9 has produced p o ly (e th y le n e -g -a c ry lo n -  
i t r i l e ) ,  p o ly ( p r o p y le n e - g - a c r y lo n i t r i l e ) ,  p o ly (e th y len e -g -m e th y l  
m e th acry la te )  and p o ly (e th y le n e -g -N -v in y l  c a rb azo le )  by p re ­
i r r a d i a t i o n  o f  th e  polymer in  a i r  to  p rov ide  random perox ide  or 
hydroperoxide groups as s i t e s  fo r  th e  subsequent g r a f t  copolymer­
i s a t i o n .  T h is  te chn ique  has been compared w ith  p r e - i r r a d i a t i o n
in  vacuo in  th e  s y n th e s is  o f  p o ly (e th y le n e -g -s ty re n e )  by B a l la n t in e
53 56and co-workers , Sakurada and co-workers i r r a d i a t e d  f r a c t i o n ­
a ted  p o ly v in y l  a lco h o l  in  a i r  and used t h i s  fo r  th e  sy n th e s is  
o f  p o ly (v in y l  a lco h o l-g -m e th y l  m e th a c ry la te ) .  In  s p i t e  o f  th e  
c o n d it io n s  o f  i r r a d i a t i o n  th e se  workers b e l ie v e d  t h a t  th e  a c t iv e  
c e n tre s  fo r  g r a f t i n g  were r a d i c a l s  r a t h e r  than p e ro x id e s ,  and 
they showed t h a t  w ith  a p p a re n t ly  h igh  g r a f t i n g  e f f i c i e n c y  967. 
o f  backbone polymer was n o t  g r a f t e d ,  and a l l  o f  th e  g r a f t  copoly­
mers had one long branch o f  po ly(m ethy l m e th ac ry la te )  on one 
p o ly (v in y l  a lc o h o l )  m olecule.
S urface  g r a f t i n g  may be achieved  by i r r a d i a t i o n  
of a polymer in  c o n ta c t  w ith  a monomer under c o n d i t io n s  in  which 
the  polymer i s  unswollen. The techn ique  has been a p p l ie d  to  a
wide v a r i e t y  o f  com binations o f  polymer and monomer. ^  ^
63H erscov ic i  and' co-workers employed po lycapro lac tam  and 
p o ly (e th y le n e  t e r e p h th a l a t e )  w ith  a c r y l o n i t r i l e  pu re  o r  in  
dqueous o r  hep tan e  s o lu t io n ;  some o f  t h e i r  r e s u l t s  (T ab le  I )
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serve  to  i l l u s t r a t e  th e  e f f e c t  o f  polymer and so lv e n t  on g r a f t i n g  
e f f ic ie n c y .
TABLE I
63E f fe c t  o f  Polymer and Solvent on A c r y lo n i t r i l e  G ra f t in g
Primary Polymer Monomer c o n c e n tra t io n DoseMrads
%
G ra f t in g
Polycaprolactam 5% in  w a ter 3 .0 N i l
it 5% in  n -hep tane 0 .5 5
it Pure 0 .75 20
P o ly ( e th y le n e - t e r e p h th a la te ) 57o in  w a ter 0 .75 6
it Pure 0 .75 10
I n  th e  cou rse  o f  k i n e t i c  s tudy  o f  th e  Y-ray induced
g r a f t  co p o ly m erisa t io n  o f  v in y l  a c e ta t e  on to  p o ly ( t e t r a f lu o r e th y le n e )
64 'r i l ra ,  R es ta in o  and Reid found th a t  g r a f t in g  e f f i c i e n c y  was 
independent of th e  th ic k n e ss  of the  polymer f i lm , thus confirm ing  
th a t  th e  g r a f t i n g  was a su rface  e f f e c t .  They a l s o  dem onstrated  
t h a t  th e  r a t e  o f  g r a f t  co p o ly m erisa t io n  was p r o p o r t io n a l  to  th e  
tem peratu re  o f  i r r a d i a t i o n /p o l y m e r i s a t i o n ,  to  th e  2 /3  ro o t  o f  
monomer c o n c e n t ra t io n  and to  th e  square  ro o t  o f  r a d i a t i o n  i n t e n s i t y .  
S evera l workers have no ted  t h a t  the  p resence  o f  n o n -so lv e n ts  fo r  
the  g r a f t  polymer ch a in s  in c re a s e s  th e  r a t e  o f  g r a f t i n g .
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65 56Odian, R ossi and o th e rs  9 , working w ith  Y - r a y s ,  a t t r i b u t e d
th i s  g r e a t ly  a c c e le r a te d  r a t e  of g r a f t i n g  to  a g e l  e f f e c t  which
makes the  te rm in a t io n  s tep  d i f f u s io n - c o n t r o l l e d ,  thus  r e s u l t i n g
in  an o v e r - a l l  in c re a s e  in  the  measured r a t e  o f  r e a c t io n .  Santo 
49and Gal d isco v e red  th e  same e f f e c t  in  using  X-rays to  s y n th e s is e  
p o ly (v in y l  a lco h o l-g -m e th y l  m e th a c ry la te ) ; th e  g r e a t e s t  e x te n t  
o f  g r a f t i n g  (1700% by w eight) was achieved  w ith  20-30% by w eight 
of methanol in  th e  monomer.
In  th e  th re e  p h y s ic a l  c o n d i t io n s  o f  th e  polymer sc 
f a r  c o n s id e red ,  g r a f t i n g  i s  o f te n  accompanied by some degree o f  
c r o s s - l in k in g ,  r e s u l t i n g  from r a d i c a l  com binations, and t h i s  may 
be reduced by sw e ll in g  th e  polymer w ith  monomer p r i o r  to  i r r a d ­
i a t i o n .  T h is  techn ique  has been w idely  used fo r  polymers o f
n a tu r a l  o r ig i n  such as r u b b e r ^ * a s  w e l l  as  fo r  p o l y e s t e r s ^
70and p o ly s ty re n e  . Although a t  f i r s t - s i g h t  t h i s  method should  
g ive  homogeneous p ro d u c ts ,  th e re  i s  th e  p r o b a b i l i t y  o f  incompa­
t i b i l i t y  o f  th e  two types o f  polymer cha in  on th e  m o lecu lar  s c a le .  
In  some systems a c tu a l  s e p a ra t io n  o f  phases can be .obse rved  
during  i r r a d i a t i o n ,  and in  th e  case  o f  p o ly ( i so b u te n e -g - s ty re n e )  
Sebban-Danon^ a t t r i b u t e d  changes in  th e  k i n e t i c s  during  i r r a d ­
i a t i o n  to  phase s e p a ra t io n  on the  micro s c a le .
B e t t e r  homogeneity might be expected to  r e s u l t  from 
g r a f t in g  in  s o lu t io n .  In  t h i s  case  g r a f t i n g  can occur by the  
t r a n s f e r  mechanism as w e l l  as through i n i t i a t i o n  by polym eric 
f r e e - r a d ic a l s ^  bo th  ro u te s  a re  accompanied by th e  form ation
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cfhomopolymer. The techn ique  i s  more a t t r a c t i v e  fo r  polymers
of low m olecu lar  w eigh t which g iv e  co n ce n tra te d  s o lu t io n s  of
72low v i s c o s i t y  in  monomer, Ceresa has used h e a v i ly  m a s t ic a te d  
rubber, w ith  a m o lecu lar  w eight of no t  more than  10, 000, a t  33% 
by w eight in  m ethyl m e th a c ry la te  to  produce n a t u r a l  c i s - l : 4 -  
p o ly ( iso p ren e -g -m e th y l  m e th a c ry la te )  in  good y i e ld .  Low mole­
c u la r  w eight c i s - l :4 - p o ly b u ta d ie n e  has s im i la r  s o l u b i l i t y  
c h a r a c t e r i s t i c s .
G ra f t in g  w ith  emulsion polymers o f f e r s  th e  u su a l
advantage o f  low v i s c o s i t y  a t  h igh  co n v ers io n s .  Rubber l a t i c e s ,
40 73 42both n a t u r a l  9 and s y n th e t ic  ,  have been employed w i th  a
40 42v a r i e ty  o f  monomers. Cooper and co-workers 9 have shown th a t  
in  g e n e ra l ,  d i l u t i o n  o f  th e  l a t e x  does n o t  a f f e c t  th e  r a t e s  o f  
p o ly m erisa t io n  o r  o f  g r a f t i n g ,  a lthough  th e  r a t e s  in  aqueous- 
d is p e r s io n  a re  much g r e a t e r  th an  in  bu lk ,
2 .2 .  CHEMICAL TECHNIQUES
2 .2 .1 .  Condensation P o ly m er isa t io n
E thy lene  oxide has been g r a f t  copolym erised on to  a 
v a r i e ty  of polymers c o n ta in in g  a c t i v e  hydrogen atoms a t ta c h e d  to  
atoms i n t e g r a l  w ith  th e  backbone o r com prising s u b s t i t u e n t  groups
o r  s id e  c h a in s .  Amongst th e  prim ary  polymers a re  th e  v a r io u s
y# 75 76 75
v a r i e t i e s  o f  n y lo n ,  9 ,  c e l l u l o s e  ,  po lyacry lam ide  ,  p o ly -
(v in y la lc o h o l)* ^ ,  p o ly ( a c r y l i c  a c id ) ,  p o ly (m e th a c ry l ic  a c id ) ,
hydra ted  m ale ic  anhydride  copolymers w ith  v in y l  a c e t a t e  and w ith
77s ty re n e ,  and copolymers o f  s ty re n e  w ith  a l l y l  a lc o h o l  and
77s ty ren e  w ith  m ale ic  d ie thano lam ide. Also p ropylene  o x id e ,
g ly c id o l ,  g ly c id y l  a c e t a t e ,  e p ic h lo rh y d r in ,  and e th y le n e  carb o n a te  
74have been used as g r a f t  monomers w ith  nylon 66.
6' - Cap ro  lactam  has been polym erised in  systems c o n ta in in g
78 79polymers w ith  a c id  o r e s t e r  s id e -g ro u p s .  T u to r s k i i  and co-w orkers 9
used a b u ta d ie n e - s ty re n e  te rpo lym er co n ta in in g  1% m e th a c ry l ic  a c id ,
81w hile  Chapman and V a len t in e  worked w ith  copolymers o f  s ty re n e  w ith
a c r y l i c  a c id ,  m ethyl a c r y l a t e ,  o r  m ale ic  anhydride . W ich te r le  and 
82Gregor p repa red  copolymers o f  s ty re n e  w ith  N-methyl a c r y lo y l  
capro lactam  in  o rd e r  to  use  th e  a c t iv e  imide groups as s i t e s  fo r  
g r a f t i n g  capro lac tam . I n  n e a r ly  a l l  th e se  experim ents th e  g r a f t i n g  
process  extended to  c r o s s - l i n k in g .
A cro le in  and p -p ro p io la c to n e  can a l s o  form g r a f t s  w ith  
the  wool p r o t e i n ,  a l though  in  th e se  in s ta n c e s  th e  a c t i v e  hydrogens 
on the  back bone appear to  be re s p o n s ib le  f o r  p o ly m e r isa t io n  
i n i t i a t i o n . ^
The a c t iv e  hydrogen atoms of c e l l u l o s e  can i n i t i a t e
the  r in g  opening of ( 3 - p r o p io la c to n e ^ * ^  and e th y len e  i m i n e , ^
87as w e l l  as th e  p o ly m e r isa t io n  of epoxy, and u rea -  and melamine-
88formaldehyde r e s i n s .
2 .2 .2 .  Io n ic  P o ly m er isa t io n
The io n ic  ch a in  t r a n s f e r  r e a c t io n  between a p o ly ­
s ty re n e  carbonium ch a in  and poly(p-methoxy s ty re n e )  has  been shown by
89 90Haas, Kamath and Schuler 9 t o  y i e ld  some g r a f t  copolymer.
However, these workers could not use this mechanism to achieve
-  36 -
g r a f t in g  of a lk y l  v in y l  e th e r s ,  iso b u te n e ,  or N -v iny l p y rro l id o n e
on to  p o ly s ty re n e ,  p o ly (v in y l  to lu en e )  or poly(p-methoxy s y t r e n e ) .
91Kockelbergh and Smets succeeded in  g r a f t  copolym eris ing
isobu tene  by a carbonium ion  mechanism. They ch lo rom ethy la ted
p o ly s ty ren e  in  carbon d isu lp h id e  s o lu t io n ,  and in  th e  p resen ce  of
aluminium bromide p o ly m e r isa t io n  of iso b u ten e  ensued.
Polym eric carbonium ions  produced by t r e a t i n g  poly
(v in y l  c h lo r id e )  or v in y l  c h lo r id e -v in y l id e n e  c h lo r id e  copolymer
92w ith  t i ta n iu m  t e t r a c h l o r i d e  were used by P le sch  to  i n i t i a t e  the
g r a f t  co p o ly m erisa t io n  of s ty re n e .
93T ey ss ie  and Smets found e a r l i e r  t h a t  aluminium 
c h lo r id e  could  be used f o r  t h i s  purpose , bu t d eg rad a tio n  of th e  
c h lo r in a te d  polymer ch a in  occurred .
2 .2 .3 .  Polymer Coupling
While t h i s  techn ique  has been used predorrdnantly fo r
94the  p re p a ra t io n  of b lock  copolymers, Graham re p o r te d  i t s  use 
fo r  g r a f t i n g .  A m ine-term inated p o ly s ty re n e  was made us ing  sodium 
amide d is so lv e d  in  l i q u id  ammonia as th e  i n i t i a t i o n  system.
Each polymer cha in  c o n ta in ed  only one ( te rm in a l)  amine groupf .
The second polymer was made by copolym eris ing  |3 - isocyana toe thy l 
m e th acry la te  w ith  a lk y l  m e th a c ry la te s ,  s ty re n e  or a c r y l o n i t r i l e .  
Coupling by ra p id  r e a c t io n  of th e  iso cy an a te  and amine groups 
gave g r a f t  copolymers in  good y ie ld .
L inear  monoepoxide polymers may form g r a f t s  by r e a c t io n  
w ith  the  groups produced during  th e  v u lc a n i s a t io n  of n a t u r a l  and
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95s y n th e t ic  ru b b e rs ,  w ith  th e  a c id  groups in  copolymers of
95
a c r y l i c  e s t e r s  w ith  a c r y l i c  a c id  ' , o r w ith  the  a c id  groups 
in  o th e r  copolymers. Diepoxides lead  to  c ro s s - l in k in g .
2 .2 .4 .  D ia z o t i z a t io n  o f  Polymers
95V a len t in e  and Chapman su b jec te d  p o ly s ty re n e  to  a 
p rocess  o f  n i t r a t i o n ,  re d u c t io n  and d ia z o t iz a t io n *  The p roduc t 
was t r e a t e d  w ith  a fe r ro u s  s a l t  to  g ive  a polymer w ith  pendant
phenyl r a d i c a l s  which cou ld  be used fo r  g r a f t  co p o ly m erisa t io n .
9 7
In  a m odified  p rocedure  Hahn and F is c h e r  converted  th e  po ly  
(p-amino s ty re n e )  i n to  th e  acety lam ino  d e r iv a t iv e ^  n i t r o s a t i o n  
w ith  n it i*osy l c h lo r id e  gave a p roduc t which on decom position in
the  p resence  o f  a c r y l o n i t r i l e  y ie ld e d  p o l y ( s t y r e n e - g - a c r y l o n i t r i l e ) .
98R ichards  used th e  diazonium d e r iv a t iv e s  o f  the  
p-am ino-phenacyl e th e r  o f  c e l l u l o s e  and th e  p-amino phenacyl 
e s t e r  o f  c a rb o x y m eth y lce l lu lo se ,  w ith  fe rro u s  s a l t s ,  to  o b ta in  
g r a f t  copolymers o f a c r y l o n i t r i l e  co n ta in in g  36-71 p e rc e n t  o f  th e  
l a t t e r  monomer.
2 .2 .5 .  H ydroperox ida tion  o f  Polymers
2 .2 .5 .1 .  A ir  or Oxygen (and Benzoyl Perox ide)
The in t r o d u c t io n  o f hydroperoxide groups a t  random 
p o s i t io n s  a long  th e  len g th  o f  a polymer cha in  to  form a m u l t i ­
f u n c t io n a l  i n i t i a t o r  has been used by many workers. G ra f t  
copo lym erisa tion  may then  be i n i t i a t e d  by therm al or by redox 
a c t i v a t io n  o f  th e  h y d rope rox id ic  g tcu p s .  EomopolymGrisation
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of the  seco n d -s tag e  monomer a l s o  occurs  when therm al i n i t i a t i o n  
i s  used because o f  the  non-polym eric hydroxyl r a d i c a l s .  The 
g r e a te r  the  number of a c t i v a te d  s id e  groups formed on the  back­
bone polymer, th e  g r e a t e r  i s  the  number of g ra f te d  cha in  which 
may be produced*
One o f the  s im p le s t  methods of o b ta in in g  hydroperoxide  
groups a long a backbone polymer cha in  i s  by the  d i r e c t  o x id a t io n  of 
s u i t a b le  s id e  groups. The s i m i l a r i t y  in  chemical s t r u c t u r e  between 
isopropylbenzene , th e  t e r t i a r y  carbon o f which i s  r e a d i ly  o x id ised  
by benzoyl p e ro x id e ,  and the  re p e a t in g  sequence in  p o ly s ty re n e
suggests  a method o f h y d ro p e ro x id a tio n .  This was f i r s t  a t tem pted
99 100by Hahn and Lechtenbomer and by Metz and M esrobian , who found
th a t  ve ry  l i t t l e  h y d ro p e ro x id a tio n  occurred  w ith  p o ly s ty re n e ,  bu t
th a t  good y ie ld s  cou ld  be o b ta in ed  w ith  p o ly (p - iso p ro p y l  s ty r e n e ) .
However, s im ple a i r  o x id a t io n  of p o ly s ty re n e  r e s u l t s  in  a polymer
101w ith  6 to  12 hydroperox ide  groups p e r  100 s ty re n e  u n i t s .  Hahn 
99and Letchenbomer used oxygen to  o x id is e  p o ly (p - iso p ro p y l  
s ty ren e)  d i r e c t l y ,  b u t  Metz and Mesrobian ^ ^ o b ta in e d  a b e t t e r  
c o n t ro l  o f  th e  number o f  g r a f t i n g  s i t e s  by f i r s t  a lk y la t in g  
p o ly s ty re n e  w ith  iso p ro p y l  c h lo r id e  in  n i tro b en zen e  in  th e  p resence  
of anhydrous aluminium c h lo r id e .
The hydroperox id ised  p o ly s ty re n e  was then used to  i n i t i a t e  the
p o ly m erisa t io n  of m ethyl m e th a c ry la te  both  in  bu lk  and in  emulsion*
102This method was used l a t e r  by Manson and Cragg 
who p repared  g r a f t  copolymers of s ty re n e  by redox p o ly m e r isa t io n  
w ith  o x id ised  copolymers o f  s ty re n e  and 4 -v in y l  cyclohexene-1  to  
y ie ld  p o ly ( s ty re n e -c o -4 -v in y l  e y e lo h e x e n e - l -g - s ty re n e ) . The 
maximum number of hydroperoxide  groups in  the  o x id ise d  polymers 
was 18 pe r  thousand monomer u n i t s .  The evidence fo r  g r a f t i n g  was 
ob ta ined  from measurements on th e  consumption of monomer and 
hydroperoxide groups and from changes in  the  i n f r a - r e d  a d so rp t io n
s p e c tra  b e fo re  and a f t e r  g r a f t i n g .
1 0 3 .1 0 4  vN a tta  and co-w orkers 9 have re p o r te d  th e  use of
t h i s  g e n e ra l  method to  g r a f t  s ty re n e ,  m ethyl m e th a c ry la te  and 
v in y l  c h lo r id e  on to  po ly  a - o l e f i n s .  I t  was found t h a t  p e ro x id ­
a t io n  could  be c a r r i e d  out by using  a i r  o r  oxygen w ith o u t  sub­
s t a n t i a l  d eg rad a tio n  and o p e ra t in g  a t  tem pera tu res  o f  70-80°C.
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Under th e se  c o n d i t io n s  th e  hyd ro p e ro x id a tio n  o f  i s o t a c t i c  polymers 
took p lace  only on th e  s u r fa c e  o f  the  c r y s t a l s  or in  th e  i n t e r ­
c r y s t a l l i n e  amorphous re g io n s .  More homogeneous h y d ro p e ro x id a tio n  
could be achieved by c a r ry in g  out the  r e a c t io n  in  s o lu t io n  in  the  
p resence o f  f r e e  r a d i c a l  i n i t i a t o r s .  The h y d ro pe rox ida tion  techn ique  
was a ls o  e f f e c t i v e l y  a p p l ie d  to  a t a c t i c  p o ly s ty re n e  using  30 p e rc e n t  
so lu t io n s  in  cumene to  g ive  6 to  12 hydroperoxide groups p e r  100 
s ty ren e  u n i t s .  Under s im i la r  c o n d i t io n s ,  b u t w ith  the  a d d i t io n  
of benzoyl p e ro x id e ,  p o ly (a -b u te n e )  gave a hydroperox id ised  
polymer w ith  an oxygen c o n te n t  o f  0 .4  p e rc e n t .  The a p p l i c a t io n  
of t h i s  techn ique  to  po lypropylene  in  sh ee t  and f ib r e  form was 
a lso  s tu d ie d .
P o ly s ty re n e ,  p o ly e th y le n e ,  and po lypropylene  o x id ise d  
in  an i n e r t  s o lv e n t ,  c o n ta in in g  a b a s ic  compound, a t  90°C were 
found to  g ive  p ro d u c ts  c o n ta in in g  0 .15  to  80 hydroperoxide  groups
inn . . . l ' C S -per 100 monomer u n i t s .
H ydroperox ida tion  o f  n a t u r a l  rubber l a t e x  by a i r  
was used by M orris  and Sekhar ^C^ t o  s y n th e s iz e  g r a f t  copolymers. 
In  the  p re p a ra t io n  o f n a t u r a l  c i s - l :4 -p o ly ( i s o p r e n e -g -m e th y l  meth­
a c r y la te )  a redox i n i t i a t o r  system u t i l i s i n g  te t ra e th y len e p e n tam in e  
w ith  fe rro u s  su lp h a te  s u b s t a n t i a l l y  obv ia ted  th e  form ation  o f 
homopolymer s in c e  only m acro rad ica ls  were formed from th e  hydro­
p e ro x id ised  polymer, in  c o n t r a s t  w ith  therm al p o ly m e r is a t io n : -
The f r e e  r a d i c a l  a c t i v a t i o n  of hy d ro p e ro x id a tio n
w ith  oxygen has a l s o  been ach ieved  w ith  c a t a l y s t s  o th e r  than
108the  oxygen-contain ing  benzoyl p e rox ide . R eiss  and Banderet 
used a z o - b i s - i s o b u t y r o n i t r i l e  w ith  s ty re n e ,  b u t t h i s  y ie ld e d  
hydroperoxide groups m ainly  in  th e  te rm in a l  p o s i t i o n s ,  r e s u l t i n g  
in  b lock  r a th e r  than  g r a f t  copolymers w ith  methyl m e th a c ry la te  
and a c r y l o n i t r i l e .
2 .2 .5 .2 .  Ozone
O zon iza tion  has been found to  be a p p l ic a b le  to  a 
wider range o f polymers than  the  a i r  o x id a tio n  te ch n iq u es ,  u t i l i s i n g  
a c t iv e  hydrogen atoms or u n s a tu ra te d  s i t e s  along th e  ch a in .  Landler 
and L e b e l^ ^   ^ used t h i s  method w ith  film s to  p rep a re  poly  
( e th y le n e - g -a c r y l ic  a c i d ) , p o l y ( t e t r a f l u o r e t h y l e n e - g - a c r y l o n i t r i l e ) , 
and p o l y ( s t y r e n e - g - a c r y l o n i t r i l e ) ; in  th e  l a s t  in s ta n c e  ozoniz­
a t io n  occured on the  arom atic  nuc leus  to  g ive  two g r a f t i n g  s i t e s  
fo r  each in te rm e d ia te  ozonide r i n g ,  e .g .
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•.CH2- ch.
h e a t
0 *
4 + 0 ,
G ra f t in g ,  as measured by in c re a s e  in  f i lm  th ic k n e s s ,
reached a maximum a t  100°C, d ec rea s in g  th e re a f te r *  In  l a t e r
s tu d ie s  p o ly (v in y l  c h lo r id e )  was ozonized in  s o lu t io n ,  as w e l l
as in  the  dry s t a t e ,  and used fo r  g r a f t  co po lym erisa tion  o f
s ty re n e ,  v in y l  a c e t a t e ,  a c r y l o n i t r i l e ,  methyl m e th a c ry la te ,
v in y lid en e  c h lo r id e ,  e th y l  a c r y l a t e  and chloroprene* The same
workers used o z o n iza t io n  to  g r a f t  a c r y l o n i t r i l e ,  a c r y l i c  a c id ,
and s ty re n e  on to  n a t u r a l  rubber latex*
G ra f t in g  on to  p o ly v in y l  c h lo r id e  can be e f f e c t e d
by an i n i t i a l  p a r t i a l  d eh y d ro c h lo r in a t io n  of the  backbone to
in troduce  u n s a tu r a t io n  s u s c e p t ib le  to  o z o n iza t io n ;  t h i s  techn ique
has been employed us ing  s ty re n e ,  a c r y l i c  a c id ,  m e th a c ry l ic  a c id ,
a c r y l o n i t r i l e ,  v in y l  a c e t a t e ,  v in y l  c h lo r id e ,  v in y l id e n e  c h lo r id e ,
101and 1 ,3 -b u tad ien e  as secondary monomers*
K o rsh ak ^  and co-workers g r a f t  copolym erised
v in y l  monomers o n . to  o z o n iz ied  polyamides and p o ly e s t e r s .  K arg in ,
115-119P la te  and o th e r  R ussian  workers have used t h i s  techn ique
w ith s ta r c h ,  c e l l u l o s e ,  amylose and i s o a c t i c  polystyrene*-
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2 .2 * 5 .3 . I r r a d i a t i o n  in  A ir or Oxygen
I r r a d i a t i o n  in  a i r ,  producing pe rox ide  or hydroperoxide  
groups, has been used by C h a p i r o ^ * ^  to  i n i t i a t e  g r a f t  copolymer­
i s a t i o n  of a c r y l o n i t r i l e  on to po lypropylene  and a c r y l o n i t r i l e ,  
methyl m e th a c ry la te ,  and N -v iny l c a rb azo le  on to  p o ly e th y len e .
2 .2 .6 .  Chemical S y n th es is  of I n i t i a t i n g  Side-Groups
Smets, in  d ea lin g  w ith  the  e f f ic ie n c y  and k in e t i c s
of b lock  and g r a f t  co p o ly m erisa t io n ,  has reviewed s e v e ra l  chemical
120procedures fo r  g r a f t i n g .  Methyl a c r y l a t e  and methyl meth­
a c r y la te  copolymers c o n ta in in g  about 2 p e rc en t  of t - b u t y l  p e r e s t e r  
groups were sy n th e s is e d  by co p o lym erisa tion  of a c r y ly l  c h lo r id e
w ith the  e s t e r  monomer and subsequent r e a c t io n  w ith  t - b u t y l  
121 122hydroperoxide* 9 Both sp ec ie s  were used fo r  i n i t i a t i n g  the  
g ra f t in g  o f  s ty re n e  in  dioxane s o lu t io n  a t  75°C over 6 hours and 
in  each case  the  t o t a l  r a t e  of p o ly m erisa t io n  was f i r s t  o rder 
w ith re s p e c t  to  th e  s ty re n e  c o n c e n tra t io n ,  w hile  the  square  ro o t  
dependence on th e  i n i t i a t o r  c o n c e n tra t io n  was observed, In  th e se  
experim ents i t  was a l s o  dem onstrated t h a t  g r a f t i n g  e f f i c i e n c y  i s
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s trong ly  in c re a se d  by in c re a s in g  th e  v i s c o s i t y  o f  th e  s o lu t io n ,
e i th e r  by using  a h igh  c o n c e n tra t io n  o f  polym eric i n i t i a t o r ^  or
by adding i n e r t  polymer. G ra f t in g  e f f ic ie n c y  was g r e a t e r  fo r  th e
methyl a c r y la te  copolymer than  fo r  i t s  m e th ac ry la te  c o u n te rp a r t .
Peranhydride  s id e -g ro u p s  were in tro d u ced  in to  a
polymer by r e a c t in g  po ly (m ethy l m e th a c ry la te - c o -a c r y ly l  c h lo r id e )
with perbenzoic  a c id ,  h y d ro ly s in g  t in reacted  a c id  c h lo r id e ,  and
12 3t r e a t in g  w ith  diazomethane; The r e s u l t a n t  copolymer con ta in ed
approxim ately 507. m ethyl a c r y l a t e ,  40% methyl m e th ac ry la te  and
107. peranhydride , and was used to  i n i t i a t e  th e  p o ly m e r isa t io n  o f
s ty ren e ,  and t h i s  r e s u l t e d  in  g r a f t  copolymers co n ta in in g  40-607. 
124s ty rene .
125 126Oda, Saigusa  and Nozaki 9 t r e a t e d  poly(m ethyl 
a c ry la te )  w ith  phosphorous p e n ta c h lo r id e  to  produce polymers 
con ta in ing  26 .6 -3 7 .8  p e rc e n t  o f  a c id  c h lo r id e  groups. Subsequent 
trea tm en t w ith  t - b u t y l  hydroperox ide  y ie ld e d  polymers c o n ta in in g  
4 .9 -6 .0  p e rc en t  o f  p e r e s t e r  g roups; th e se  were used to  i n i t i a t e  
the  g r a f t  co p o ly m erisa t io n  o f  s ty re n e ,  a c r y l o n i t r i l e  and v in y l  
a c e ta te .
CH2- CH - CH2- C H . . . . .   CH2- CH - CH2- CH.
COOMe COOMe  ^ > C0C1 COOMe
5
\K
(Me) 3 C - 00H
CH2- CH - CH2- CH   CH2- CH - CH^ CH.
CO COOMe <— ----- CO COOMe
I i
0. + .OC(Me) 0 OOC(Me).
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The f i r s t  s ta g e  of the  p rocess  invo lves  some d eg rad a tio n  o f  the
polymer, and t h i s  may be avoided by d i r e c t  copo lym erisa tion  of 
99a c ry ly l  c h l o r i d e . ' A lso , t h i s  monomer has been homopolymerised,
12 7and the  polymer re a c te d  w ith  perbenzoic  a c id  to  y i e ld  po ly- 
peranhydrides which were used to  i n i t i a t e  the  g r a f t  copolymer­
i s a t io n  of m ethyl m e th a c ry la te :
CH2- CH - CH2- CH   CH2- CH - CH - CH.
C0C1 C0C1 T > CO CO
I n t r a  \ 0 - Q)/M olecular
I n t e r m o lecu lar
\y
h e a t
CH. -  CH -  CH -  CH   CH -  CH -  C H .-  CH.
2 I 2 I 2 I 2 I
CO C 0C 1 CO CO
I I I
0 0 . 0 .
0
I
CO C 0C 1
CH2“ CH - CH2- CH.
A c l e a r  advantage of t h i s  techn ique  i s  the  t h e o r e t i c a l  
im p o s s ib i l i ty  of producing homopolymer from the  second monomer. 
However, as i l l u s t r a t e d  above, n o t  only in t r a m o le c u la r  pe ranhydrides  
may be formed, b u t a l s o  in te rm o le c u la r  r e a c t io n  may take  p la c e j  the  
l a t t e r  w i l l  lead  to  c r o s s - l in k in g  w ith  consequent in s o lu b i lu ty  o f th e  
po lyperanhydride . On s c i s s io n  of th e  peranhydride  c r o s s - l in k s  
under the  a c t io n  of h e a t ,  s o l u b i l i t y  would be reg a in ed .
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12 g 12 8
Oda, Saigusa and Nozaki , a lso  Hahn and F is c h e r  
prepared a copolymer of m ethyl m e th a c ry la te  and isop ropeny l 
hydroperoxide from the  copolymer of methyl m e th ac ry la te  and 
isopropenyl a c e ta t e  by p a r t i a l  h y d ro ly s is  and t re a tm en t w ith  
hydrogen pe ro x id e :
Me Me Me Me Me Me
I I  I I  I I
...CH - C - CH - C.................CH0- C - CH - C.................. CH - C - CH - C . . .
2 I I Fo> I 2 I f T >  I ICO 0 2 CO OH 2 2 CO 0
I I  I I I
OMe CO OMe OMe OH
I
Me
This ro u te  depends on the  d i f f i c u l t y  of hyd ro lys ing  
poly(m ethyl m e th a c ry la te )  r e l a t i v e  to  the  ease  of h y d ro ly s is  of 
the  a c e ta t e ,  and on th e  r e a c t io n  of hydrogen perox ide  w ith  t e r t i a r y  
a lcoho ls  to  g ive  hydroperox ide . The former workers a l s o  t r e a t e d  
the copolymer of s ty re n e  and m ale ic  anhydride w ith  hydrogen 
peroxide to  g ive  th e  h a l f - p e r a c i d  copolymer:
...CH - CH - CH - CH.. .  . . • . CHn- CH - CH - CH.. . .
2 I I I ___> 2 1 I I
A I  V  ' H2°2 A  C°  C°
OH 0
I
OH
Both s e r i e s  o f  polymers were used to  induce g r a f t  copolymer- 
i s a t i o n ^ ^  J a h n ^ ^  used hydrogen perox ide  to  p e ro x id is e
c e l lu lo s e  o -ch lo ro b en zy l e th e r s  «nd thus  sy n th e s ised  c e l l u lo s e -  
g -p o ly s ty ren e .
- 47 -
E l e c t r o ly s i s  of aqueous polymer s o lu t io n s  has been
130employed by Smets and co-w orkers . M ethacry lic  a c id  homo­
polymers and copolymers underwent d eca rb o x y la t io n  followed by 
o x ida tion  a t  the  anode:
Me Me Me Me
| | e l e c t r o l y s i s  | |
. . . .  CH0 - C - CH - C ...*  ------------------> . . . .  CH- - C - CH - C . . . . .2 I 2 I 2 I 2 I
CO CO CO CO
I. I I I
0 OH 0 OH
C°2
Me Me Me Me
| | o x id a t io n  | |
. ...CH 0- C - CH„- C . . . .< ...................    CH0- C - CH - C . . . .
I j l j I •  2  j
0 CO CO
I I  I
OH OH OH
The r e s u l t a n t  hyd ro p e ro x id ised  p o ly (m e th ac ry lic  ac id )  
con ta in ing  0 .4  p e rc e n t  of pe rox ide  groups was used to  i n i t i a t e  
g r a f t  co p o ly m erisa tio n  o f  th e  w a te r - s o lu b le  monomers acry lam ide , 
v in y l  p y r ro l id o n e ,  and a c r y l o n i t r i l e .
P o ly ace ta ld eh y d e ,  p rep a red  by the  method o f Delzenne
131and Smets , c o n ta in s  1-4 p e rc e n t  of hydroperoxide groups due to  
t ra c e s  of p e r a c e t i c  a c id  in  th e  p re p a ra t io n .  Such a polymer was 
capable of i n i t i a t i n g  th e  g r a f t  co p o lym erisa tion  of methyl meth­
a c ry la te .
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2 .2 .7 .  Macromolecular Redox I n i t i a t o r s
A w idely  a p p l ic a b le ,  a lthough  b r i e f l y  s tu d ie d
sy n th es is  of g r a f t  copolymers depends on the  redox r e a c t io n
of c e r t a in  e e r i e  s a l t s  (such as n i t r a t e  and s u l f a t e )  w ith
organic reducing  agen ts  such as a lc o h o ls ,  t h i o l s ,  g ly c o ls ,
132aldehydes, and amines. In  the  case  o f  a lc o h o ls ,  the  r e a c t io n
can be w r i t t e n  as fo llow s:
Ce+4+ RCH2- OH  >(Ceric**alcohol complex) >Ce+3+ H++ RCHOH or RCH20.
I f  a polymeric reducing  agen t i s  employed (p o ly v in y l  a lc o h o l ,  fo r  
example), and th e  o x id a t io n  conducted in  the  p resence  of a v in y l  
monomer, g r a f t  form ation  occu rs . This techn ique  y ie ld s  r e l a t i v e l y  
pure copolymers, s in c e  the  i n i t i a t i n g  s i t e s  a re  produced only 
on the  backbone. A number o f  g r a f t s  have been p repared  in  
aqueous s o lu t io n s  as w e l l  as in  emulsion system s: Acrylamide,
a c r y l o n i t r i l e ,  and m ethyl a c r y l a t e  cha ins  have been a t ta c h e d  to  
po lyv iny l a lc o h o l ,  p o ly g lu c o s id e s ,  and p o ly g a la c to s id e s .
The chem ical p r o p e r t i e s  o f  the  wool f i b r e  which lead  
to  g r a f t  co p o ly m erisa t io n  a re  a consequence of the  co v a len t  
su l fu r  bonds p re s e n t  in  th e  molecule.. Thus, in  the  p resence
I |
of the  Fe - H2C>2 redox system, or p e r s u l f a t e s ,  p o ly m erisa t io n  
of a c r y l o n i t r i l e  i s  i n i t i a t e d  on the  wool m olecule as a r e s u l t
of the  form ation  of r a d i c a l s  of s t r u c t u r e  RS., d e r ived  from
. . . 133-136i n i t i a t o r  a t t a c k  a t  the  d i s u l f i d e  bond.
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3. TECHNIQUES SPECIFICALLY FOR BLOCK COPOLYMERISATION 
Many of the p r in c ip le s  involved in  the preparation o f g r a ft  
copolymers may be app lied  to  the sy n th esis  of block copolym ers, but 
usually  sp e c ia l con d ition s have to  be observed. Furthermore, some 
methods are unique for block copolym erisation .
Since th is  th e s is  i s  not d ir e c t ly  concerned w ith  block  
copolym erisation most o f the methods w i l l  be reviewed b r ie f ly ,  but 
some of the chem ical techniques are more re levan t and w i l l  be covered  
in  greater d e ta i l .
3 .1 . PHYSICAL TECHNIQUES
Transfer rea ctio n s w ith  organic h a lid es  can lead to
halogenated term inal groups capable o f conversion to  free  ra d ica ls
by irra d ia tio n  w ith  l ig h t ;  in i t ia t io n  o f polym erisation  o f a second
137-139
monomer by the polym eric r a d ic a ls  leads to  block copolymers.
Triethylam ine as tra n sfer  agent leads to  term inal amine groups
capable of e f fe c t in g  tra n sfer  during the polym erisation  o f a second
140-142monomer, and thus to  b lock copolymers.
Irra d ia tio n  techniques have been employed in  conjunction  
with polymers con ta in in g  e o s in ^ ^  and su lphur-contain ing en d -g ro u p s.^  
The use o f polym eric ra d ica ls  i s  unique w ith resp ect to  
block copolymer preparation . B ollard and M elville'^'** obtained  
spontaneous polym erisation  o f  gaseous chloroprene and isopropenyl 
ketone by poly(m ethyl m ethacrylate) formed from the monomer vapour
,144
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by u l t r a - v i o l e t  i r r a d i a t i o n .  I n i t i a t i o n  of the  second s tag e
po lym erisa tion  was a t t r i b u t e d  to  trapped  r a d i c a l s  in  the  prim ary
147polymer. A flow techn ique  developed by Hicks and M e lv i l le
u t i l i s e d  the  f i n i t e  time re q u ire d  fo r  a polymer chain  to  grow
before  te rm in a t io n ;  by p ass in g  a stream  of monomer through a
c a p i l l a r y  and i n i t i a t i n g  by i r r a d i a t i o n  polym eric r a d i c a l s  were
produced which, when in je c te d  in to  a second monomer, r e s u l t e d  in
148block copo ly m erisa t io n .  Dunn and M e lv i l le ,  and H art and 
149de Pauw employed th e  p r i n i c p l e  o f  the  m ig ra t io n  of a growing 
polymeric r a d i c a l  a c ro ss  th e  phase boundary between a w a ter-  
in so lu b le  monomer e m u ls if ie d  in  an aqueous monomer s o lu t io n .
3 .2 . CHEMICAL TECHNIQUES
Condensation p o ly m e r isa t io n  has been used to  produce 
the  "P lu ro n ics"  d e sc r ib ed  by Vaughn and c o - w o r k e r s .^ *  The te rm in a l  
hydroxyl groups of po ly (p ro p y len e  oxide) were used to  i n i t i a t e  the  
r ing-opening  p o ly m e r isa t io n  of e th y len e  ox ide , to  g ive  two b lock  of 
po ly (e th y len e  oxide) s e p a ra te d  by one b lock  of po ly (p ro p y len e  o x id e ) .
Io n ic  p o ly m e r isa t io n  has been u t i l i s e d  by t r e a t i n g  " l iv in g "
p o ly s ty ren e ,  t h a t  i s  s o d iu m - in i t i a te d  p o ly s ty re n e  w ith  u n - te rm in a ted
, . 151 152carban ion ic  end-groups, w ith  e th y len e  oxide or iso p ren e .
Aluminium a lk y l - t i t a n iu m  t e t r a c h l o r i d e  i n i t i a t i o n  of an o l e f in  can
give a polymer w ith  an a c t i v e  chain -end  capab le  of i n i t i a t i n g  the
153block copo lym erisa tion  of a second o le f in .
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154Polymer coup ling  by e s t e r  in te rch an g e  of p o ly (e th y le n e  
te rep h th a la te )  w ith  p o ly (e th y le n e  oxide) or r e a c t io n  of d i - i s o c y a n a te s
groups which may be coupled w ith  d i - i s o c y a n a te s  or d io l s  may be 
in troduced  in to  v in y l  polymers by using  a d i f u n c t io n a l  i n i t i a t o r
3 .2 .1 .  Perox ide  polymers
During the  p o ly m e r isa t io n  of many v in y l  monomers in  the
presence of oxygen, co p o ly m erisa t io n  of the  oxygen w ith  th e  monomer
i s  b e l iev ed  to  occur ,  w ith  th e  form ation  of pe rox ide  l in k ag es  w i th in
158the polymer c h a in s ,  Ceresa used t h i s  techn ique  w ith  m ethyl meth­
a c ry la te  in  b u lk  p o ly m e r is a t io n ,  fo llowed by uniform sw e ll in g  of 
the polymer by secondary monomers such as a c r y l o n i t r i l e ,  s ty re n e ,  
v in y l  a c e ta te  and v in y l  c h lo r id e  in  the  vapour phase a t  tem pera tu res  
below the  decom position tem pera tu re  of th e  pe rox ide  bonds. Then, on 
heating  a t  70°C or h ig h e r  f o r  30 m inutes , the  perox ide  l inkages  were 
broken thus i n i t i a t i n g  b lock  co p o ly m erisa t io n .
P erox ide  end-groups can be in tro d u ced  in to  a polymer by 
polym erising th e  monomer w ith  t - b u t y l  hydroperoxide  in  the  p resence  
of a small q u a n t i ty  of a d iv a le n t  copper s a l t  such as copper octajote:-
with p o ly e s te r s 155,156 g ives  b lock  copolymers. Term inal r e a c t iv e
Me^C.OOH + Cu'2+ •> Me3 C.00. + Cu+ + H*
Me3C.00H + Cu+ > Me3 C.O. + Cu2++ OH'
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150Kern and co-workers ^ were thus ab le  to  o b ta in  a p roduc t c o n ta in in g  
p o ly (s ty ren e -b -m e th y l  m e th a c ry la te ) .  Using m -d i- iso p ro p y l  benzene 
mono-hydroperoxide to  i n i t i a t e  the  bulk  p o ly m e r isa t io n  of s ty re n e ,  
Unwin‘S  was ab le  to  co n v er t  cumenyl end-groups to  pe rox ide  by 
hea ting  th e  polymer to  80°C in  cumene s o lu t io n  in  a s tream  of oxygen; 
the product was then  used to  i n i t i a t e  th e  emulsion p o ly m erisa t io n  
of methyl m e th a c ry la te  in  th e  p resence  of fe r ro u s  ions  to  g ive
p o ly (s ty ren e -b -m e th y l  m e th a c ry la te ) .
161Benton used b is -(m -2-hydroperoxy-2-p ropy l-a -cum yl) 
peroxide to  s y n th e s is e  po ly (m ethy l m e th a c ry la te -b - s ty r e n e ) .  The 
hydroperoxide groups of th e  i n i t i a t o r  were f i r s t  used w ith  a redox- 
c a ta ly s t  to  i n i t i a t e  th e  p o ly m e r isa t io n  of methyl m e th a c ry la te  a t  
a low tem pera tu re . The b lock  copo lym erisa tion  was e f f e c te d  by 
d is so lv in g  the  polymer in  s ty re n e  monomer and h e a t in g  to  110°C to  
rup tu re  the  pe ro x id e  l in k a g e s .
162-165
Woodward, Smets and co-workers used polym eric
p h th a ly l  pe rox ide  to  o b ta in  v in y l  polymers co n ta in in g  perox ide  
linkages in  the  end-groups or w i th in  the  polymer ch a in .  When 
so lu t io n s  of such polymers in  o th e r  monomers were h ea te d ,  decom­
p o s i t io n  of the  r e s id u a l  p e ro x id e  l in k ag es  gave m acro rad ica ls  of 
the f i r s t  polymer which i n i t i a t e d  b lock  co p o lym erisa tion  of the  
second monomer.
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3.2.2* Hydroperoxide end-groups
O rr and W i l l i a m s '^  used m -d i- iso p ro p y l  benzene d i ­
hydroperoxide w ith  f e r ro u s  ions  and pyrophosphate in  an emulsion 
system to  o b ta in  polymers w ith  hydroperoxide end-groups, th e se  
were p ro te c te d  from f u r th e r  r e a c t io n  by th e  s h o r t  re s isd e n c e  time 
in  the  aqueous phase
HOO.R.OOH + Fe2+ --------> HOO.R.O. + Fe3+ 0H~
( a q . )  ( a q . )
HOO.R.O. + M -> HOO.R.O.M. -----------------> HOO.R.O.M .
( a q . ) ( a q . )  ( a q . )  ( o i l )  n
HOO.R.O.M .+  HOO.R.O.M .  > HOO.R.O.M, , ..O.R.OOH
/ ♦ i \ n / • i \ ® (mfn)<Oll) (O il)
A second s tag e  p o ly m e r isa t io n  y ie ld e d  b lock  copolymers.
F ree  r a d i c a l  a c t i v a t i o n  of hyd ro p e ro x id a tio n  by oxygen
167was used by R e iss  and B anderet who t r e a t e d  p o ly s ty re n e  w ith  azo- 
b i s i s o b u t y r o n i t r i l e  in  th e  p re sence  of oxygen to  y ie ld  a polymer 
with hydroperoxide groups m ainly  in  th e  te rm in a l  p o s i t i o n s .  In  t h i s  
way they sy n th e s is ed  p o ly (s ty re n e -b -m e th y l  m e th ac ry la te )  and poly  
( s t y r e n e - b - a c r y l o n i t r i l e ) .
3 .2 .3 .  P e r e s t e r  end-groups
In  a study of th e  k in e t i c s  of b lock  co p o lym erisa tions  
168Van Beylen and Smets polym erised  s ty re n e  us ing  as i n i t i a t o r  
4 t4 '-a z o -b is -4 -cy a n o p e n ta n o ic  ac id
COOH COOH
The r e s u l t i n g  carboxy l end-groups were then e s t e r i f i e d  
w ith  t - b u t y l  hydroperox ide . Methyl m e th a c ry la te  was employed as 
the secondary monomer, and from th e  r e s u l t s  of a n a ly s i s  of the  
products i t  was concluded t h a t  th e  e f f ic ie n c y  of th e  m acro rad ica l  
i s  only o n e -s ix th  of t h a t  of the  t - b u t y l  oxide r a d i c a l ;  in  a 
p r e c ip i t a t i n g  medium th e  e f f i c i e n c y  of b lock  co p o lym erisa tion  was 
fu r th e r  reduced.
- 5 S -
4. SEPARATION AND CHARACTERISATION OF GRAFT AND 
BLOCK COPOLYMERS
4.1 . METHODS OF SEPARATION
Most methods fo r  th e  sy n th e s is  of g r a f t  or b lock
copolymers r e s u l t  in  con tam ination  of the  p roduct w ith  u n g ra f te d
paren t polymer, or homopolymer de r ived  from the  g r a f t in g  monomer,
or both. Furtherm ore, the  e x te n t  of g r a f t in g  on p a re n t  polymer
chains may n o t  be uniform , so t h a t  a whole "spectrLm1* o f polymer
species  may be p re s e n t .  A d d i t io n a l ly  the  normal m olecu lar  weight
s c a t t e r  of homopolymers may apply  to  both  th e  backbone and the
side  chains of th e  g r a f t  copolymer. T h e re fo re ,  as a p r e r e q u i s i t e
to  c h a r a c t e r i s a t i o n  o f  g r a f t  copolymers, some p rocess  of s e p a ra t io n
6of components i s  e s s e n t i a l .  Ceresa p o in ts  out the  immensity of 
th is  problem by s t a t i n g  t h a t  l e s s  than  5 p e rcen t  o f  some 1200 
g r a f t  or b lock  copolymers d e sc r ib ed  in  th e  l i t e r a t u r e  have been 
i s o la te d  w ith  any degree of p u r i t y  and fewer than 20 sp ec ie s  have 
been fu l ly  c h a r a c te r i s e d .
F r a c t io n a t io n  of polymers ^ ^ h a s  been p r a c t i s e d
for many y ears  in  o rd e r  to  determ ine m o lecu lar  w eight d i s t r i b u t i o n ,  
or homogeneity of c o p o ly m erisa t io n ,  or to  o b ta in  polymer s p e c i ­
mens of narrow m olecu lar  w eight range o r uniform com position.
The s o l u b i l i t y  c h a r a c t e r i s t i c s  of polymers have most f r e q u e n t ly  
been used as the  b a s i s  fo r  f r a c t i o n a t i o n ,  and th e  same p r in c i p l e  
can be a p p l ie d  to  g r a f t  copolymers. Polymer s o l u b i l i t y  then 
depends no t  only on th e  m o lecu lar  w eight o f  the  polymer b u t a l s o
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upon the  o v e r - a l l  com position of th e  s p e c ie s ,  and the  le n g th ,  
number and d i s t r i b u t i o n  of the  homopolymeric segments. There 
i s  th e re fo re  no u n iv e r s a l  p rocedure  fo r  f r a c t i o n a t i o n ,  b u t 
each case  has to  be cons idered  in d iv id u a l ly .  In  th e  fo llow ing  
paragraphs the  v a r io u s  f r a c t io n a t io n  techn iques  a re  co n s id e red  
in  g e n e ra l  and in  th e  l i g h t  of th e  p r in c ip l e s  invo lved .
4 .1 .1 .  F r a c t io n a l  P r e c i p i t a t i o n
F r a c t io n a l  p r e c i p i t a t i o n  demands a common so lv en t  
fo r  a l l  the  polym eric  sp ec ie s  p re s e n t  in  th e  m ix tu re .  I f  such 
a so lv en t  i s  a v a i l a b le  then  a s u i t a b l e  p r e c i p i t a n t  must be 
se le c te d .  I t  i s  d e s i r a b le  to  a rrange  th a t  the  p r e c i p i t a t i o n  
ranges of th e  p a re n t  polymer and th e  homopolymer of the  g r a f t i n g  
monomer a re  as w ide ly  s e p a ra te d  as p o s s ib le ,  s in ce  in  g e n e ra l  
the g r a f t  copolymer w i l l  be p r e c i p i t a t e d  over an in te rm e d ia te  
range. I t  i s  obv iously  e s s e n t i a l  t h a t  th e  i n i t i a l  so lv en t  and 
the p r e c i p i t a n t  should  be m is c ib le  l iq u id s .  The i n i t i a l  polymer 
so lu t io n  must be of low c o n c e n tra t io n  (about 1 p e r c e n t ) ,  and the  
whole p r e c i p i t a t i o n  p rocedure  must be c a r r i e d  out a t  c o n s ta n t  
tem perature  on account of th e  extreme tem perature  s e n s i t i v i t y  
of polymer s o l u b i l i t y .  The s e p a ra t io n  between two p r e c i p i t a t i o n  
ranges can f r e q u e n t ly  be in c re a se d  by th e  a d d i t io n  to  the  
so lu t io n  of a d i lu e n t  which i s  a poor so lv en t
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for the  polymer f i r s t  p r e c i p i t a t e d ,  bu t a good so lv en t  fo r  th e
polymer l a s t  p r e c i p i t a t e d .  I t  i s  d e s i r a b le  th a t  the  polymers
should be p r e c i p i t a t e d  in  a f in e  g ra n u la r  form r a th e r  than  as
a ge l or o th e r  d i f f i c u l t l y  sep a ra te d  form; t h i s  c o n s id e ra t io n
may d i c t a t e  s e l e c t io n  o f  so lv en t  and p r e c i p i t a n t .  The coag u la ted
p r e c i p i t a t e  may be removed by decan ting  d i r e c t l y  or a f t e r
c e n t r i fu g in g ;  in  th e  former case  th e re  may be c o n s id e ra b le
occlusion  o f polymer s o lu t io n ,  w hile  w ith  c e n t r i fu g in g  i t  i s
often  d i f f i c u l t  to  m a in ta in  c o n s ta n t  tem pera tu re . For the
purpose o f  p l o t t i n g  a p r e c i p i t a t i o n  curve i t  may be convenient
to  add in c re a s in g ly  l a r g e r  volumes of p r e c i p i t a n t  to  a s e r i e s
of s im i la r  sm all samples of polymer s o lu t io n ,  bu t fo r  f r a c t io n a t io n
fo r subsequent a n a ly s i s  i t  i s  n e ce s sa ry  to  proceed through a
s e r ie s  o f  a l t e r n a t e  p r e c i p i t a t i o n  and se p a ra t io n  s ta g e s ,  s t a r t i n g
w ith a s in g le  l a r g e r  sample of polymer s o lu t io n .  As p r e c i p i t a t i o n
p ro g resse s ,  th e  s o lu t io n  may develop s t a b l e  t u r b i d i t y ;  t h i s  i s
171 172g en e ra l ly  due to  g r a f t  copolymer 3 the  l e a s t  so lu b le  
sec t io n s  o f which a re  p r e c i p i t a t e d  on a m ic ro -s c a le ,  bu t a re  
kept in  apparen t s o lu t io n  by th e  so lv a te d  s e c t io n s  o f  th e  more 
so lub le  sp e c ie s .  The a d d i t io n  of f u r th e r  q u a n t i t i e s  of p r e c i ­
p i t a n t  g e n e ra l ly  r e s u l t  in  c o ag u la t io n  of the  d is p e r s io n .  The 
separa ted  f r a c t io n s  may be f u r th e r  p u r i f i e d  by washing w ith  th e  
same so lv en t  m ix tu res  as p re s e n t  when they were p r e c i p i t a t e d  
and by r e d is s o lv in g  and r e p r e c i p i t a t i n g .
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While p r e c i p i t a t i o n  by n o n -so lv en t  d i l u t i o n  i s  
the most commonly p r a c t i s e d  method of f r a c t i o n a l  p r e c i p i t a t i o n ,  
in  p r in c ip le  v a r i a t i o n s  used fo r  m olecu lar  weight f r a c t io n a t io n  
could be a p p l ie d  to  g r a f t  copolymers. Solvent v o l a t i l i z a t i o n  
o f fe rs  the  co n s id e ra b ly  p r a c t i c a l  advantages of e l im in a t in g  
lo c a l i s e d  o v e r - p r e c ip i t a t i o n  and decreas in g  t o t a l  volume; i t  
req u ire s  a n o n -so lv en t  of co n s id e ra b ly  lower v o l a t i l i t y  than  
the so lv en t .  P r e c i p i t a t i o n  by coo ling  m a in ta in s  the  t o t a l  
volume c o n s ta n t  and the  s o lv e n t /n o n -s o lv e n t  com position un­
changed; i t  a l s o  avoids l o c a l i s e d  o v e r - p r e c ip i t a t io n  and 
reduces th e  tendency fo r  p r e c i p i t a t e  a g g reg a tio n ,  b u t i s  r e s t r i c t e d  
both w ith  reg a rd  to  polymer types and s o lv e n t /n o n -so lv e n t  systems.
4 .1 .2 .  S e le c t iv e  P r e c i p i t a t i o n ,
S e le c t iv e  p r e c i p i t a t i o n ,  w h ile  us ing  the  same 
p r in c ip le s  as f r a c t i o n a l  p r e c i p i t a t i o n ,  t h e o r e t i c a l l y  does no t  
produce so many f r a c t i o n s .  The s e le c t io n  of p r e c i p i t a t i n g  media 
i s  designed to  remove f i r s t  one, and then  the  o th e r  homopolymer 
leaving copolymer s t i l l  in  s o lu t io n ,  or even, in  th e  i d e a l  case ,  
the copolymer i s  p r e c i p i t a t e d  on ly , leav ing  th e  homopolymers 
in  so lu t io n .  Where t h i s  method i s  a p p l ic a b le  i t  u s u a l ly  g ives  
c leaner s e p a ra t io n s ,  w ith  th e  normal p r a c t i c a l  p recau tio n s  
than f r a c t i o n a l  p r e c i p i t a t i o n s .
4 .1 .3 .  F r a c t io n a l  E lu t io n
F r a c t io n a l  e lu t io n  invo lves  e x t r a c t i o n  of th e  
so l id  polym eric com position , e i t h e r  f r e e  o r  supported  on 
an in e r t  s u b t r a t e ,  w ith  su ccess iv e  m ix tu res  of n o n -so lv e n t ,  
p ro g re s s iv e ly  en rich ed  by so lv e n t .  This p rocedu re , w h ich , 
may be regarded  as th e  r e v e rs e  of f r a c t i o n a l  p r e c ip i t a t i o n *  
re q u ire s  sm a l le r  volumes o f l iq u id s  than  th e  l a t t e r  and i s  
th e re fo re  more s u i t a b l e  fo r  d ea lin g  w ith  l a r g e r  q u a n t i t i e s  
of polymer. However, e lu t io n  p re s e n ts  th e  problem o f polymer: 
p e rm e ab i l i ty ,  and fo r  t h i s  reason  i t  i s  advantageous to  have 
the  polymer in  th e  form o f th in  f i lm ;  even then  adequate  time 
must be given fo r  e f f i c i e n t  e x t r a c t io n  a t  each com position of 
e x t ra c t in g  s o lv e n t ,  and fo r  t h i s  reason  th e  techn ique  may prove 
more te d io u s  than  p r e c i p i t a t i o n .  V a r ia n ts  o f  th e  method 
c o n s is t  in  changing th e  e x t r a c t i o n  tem pera tu re  by su cc ess iv e  
s teps in s te a d  o f  changing th e  so lv en t  com position , o r  by 
applying a tem pera tu re  g ra d ie n t  along th e  len g th  of polymer 
contained in  a column (g r a d ie n t  e l u t i o n ) .
4 .1 .4 .  S e le c t iv e  E lu t io n
S e le c t iv e  e lu t io n  c a l l s  fo r  so lv en t  systems capab le  
of e x t r a c t in g  e i t h e r  o f  th e  homopolymers or th e  copolym er:only . 
In  t h i s  p rocedu re , as in  f r a c t i o n a l  e lu t io n ,  th e  env irom enta l 
h is to ry  o f  th e  polymer can in f lu e n c e  e x t r a c t i o n  e f f i c i e n c y ;  
whereas in  homopolymer sp ec ie s  th e  e n t i r e  polymer cha in  may be 
in  the  c o i le d  o r  extended forms, w ith  g r a f t  copolymers i t  i s
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p o ss ib le  fo r  th e  two segm ent-types to  c o i l  or ex tend , 
according to  s o lv e n t /n o n -s o lv e n t  b a lan ce ,  q u i te  independen tly . 
The c o n d i t io n  of the  polymer may be a c o n t r o l l in g  f a c to r  
in e x t r a c t io n ,  so th a t  th e  o rd e r  in  which so lv en ts  a re  
app lied  may be more s i g n i f i c a n t  than t h e i r  solvency.
Combination o f  e lu t io n  and p r e c i p i t a t i o n  techn iques  
may prove to  be th e  more p r a c t i c a b l e  ro u te  to  s e p a ra t io n  o f  
the  polymer sp ec ie s  in  c e r t a i n  cases* Where p r e c i p i t a t i o n  
cannot r e a d i ly  e f f e c t  s e p a ra t io n  of one homopolymer from 
g r a f t  copolymer, bu t  i s  s u i t a b l e  fo r  s e p a ra t in g  th e  o th e r  
homopolymer, then  p r i o r  removal of th e  f i r s t  homopolymer by 
e lu t io n  may prove to  be th e  answer to  th e  problem.
4 .1 .5 .  Gel F i l t r a t i o n
Gel f i l t r a t i o n  i s  a p rocedure  more r e c e n t ly  i n t r o -
173duced fo r  m o lecu lar  w eight f r a c t i o n a t i o n .  The p r i n c i p l e  h e re  
i s  thought to  be analogous to  t h a t  of "m olecu la r  s e iv e s " ,  t h a t  
i s  f i l t r a t i o n  through pores  o f  c o n t r o l l e d ,  and id e a l l y  uniform 
s ize .  In  th e  case  o f  g e l  f i l t r a t i o n  i t  i s  envisaged th a t  th e re  
i s  no t a sharp c u t - o f f  in  th e  m olecu lar  s iz e  spectrum of th e  
polymer as th e  "pores"  in  th e  g e l  a re  n o t  r i g i d  bu t s u b je c t  
to deform ation in  the  h ig h ly  s o lv a te d  c o n d i t io n  o f  the  g e l .
This techn ique  o f m o lecu lar  f i l t r a t i o n  has been a p p l ie d  to
severa l  low -m olecular-w eight n a t u r a l  polymers such as carbo-
. , 173 174-175 , , 177 _ . 178hydra tes ,  p r o t e in s ,  and d ex tra n .  Vaughan
has used g e l  f i l t r a t i o n  in  a non-aqueous system fo r  p o ly s ty re n e
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f r a c t io n a t io n  in  benzene s o lu t io n .  Columns were packed w ith  
beads of p o ly s ty re n e  c r o s s - l in k e d  to  d i f f e r in g  degrees to  g ive  
swelling f a c to r s  rang ing  from 2 .2  to  50; w h ile  low sw e llin g  
led to  p r a c t i c a l l y  no f r a c t io n a t io n ,  h igh  sw e llin g  gave f r a c t i o n ­
a ting  r e s o lu t io n  fo r  low m olecu lar  w eight p o ly s ty re n e  approaching 
th a t  of the  s o lv e n t  v o l a t i l i z a t i o n  method. F r a c t io n a t io n  of 
high m olecu lar w eight p o ly s ty re n e  was found to  be le s s  e f f i c i e n t .  
Gel f i l t r a t i o n  may be considered  as "n o n -ab so rp tiv e  chromato­
graphy", a lthough i t  i s  by no means c e r t a i n  t h a t  an a b so rp t io n -  
desorp tion  p rocess  i s  n o t  invo lved . There seems every reason  
to th ink  th a t  th e  techn ique  could be of v a lu e  in  the  f r a c t io n a t io n  
of g r a f t  copolymers, p a r t i c u l a r l y  low-m olecular w eight s p e c ie s ;  
in th i s  case  i t  i s  l i k e l y  t h a t  a b so rp t io n  e f f e c t s  could  be more 
pronounced and p o s s ib ly  e x p lo i te d  by s u i t a b l e  s e l e c t i o n  of the  
gel polymer and so lv e n t  in  r e l a t i o n  to  th e  g r a f t  segments and 
backbone.
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4 .2 . METHODS OF CHARACTERISATION
C h a r a c te r i s a t io n  of th e  polymeric f r a c t io n s  i s  
usually  f a c i l i t a t e d  by o b se rv a t io n  o f  behav iour during  the  
process o f  s e p a ra t io n .  S o lu b i l i t y  p r o p e r t i e s  may p rov ide  a 
guide to  o v e r a l l  polymer com position , w h ile  s t a b l e  t u r b i d i t y  
is  good evidence fo r  non-random d i s t r i b u t i o n  o f  monomer u n i t s  
w ith in  th e  polymer, w hether t h i s  be o f  th e  g r a f t  o r b lock  
v a r ie ty .
Chemical techn iques  o f  c h a r a c t e r i s a t i o n  in c lu d e
o zo no lys is '^^*  o f u n s a tu ra te d  polymers ( e .g .  b u tad ien e
181copolymers) or ep o x id a t io n  w ith  perbenzo ic  a c id .  S ty rene-
a c ry l ic  copolymers have been c y c l i s e d  w ith  F r i e d e l  C ra f t  
182c a t a ly s t s ,  w h ile  p o ly e s t e r s  have been u n ra v e l led  by h y d ro ly s is .
Conventional e lem en ta l  a n a ly s i s  a l s o  has i t s  p a r t  in  t h i s  a sp e c t
of c h a r a c t e r i s a t i o n .
P h y s ic a l  methods, such as v iscom etry , osmometry
and. l i g h t  s c a t t e r i n g  have been a p p l ie d  to  the  whole f r a c t io n s
or to  the  p ro d u c ts  r e s u l t i n g  from chem ical removal o f  s id e
*183groups or pendant c h a in s .  H arr iso n  and Peaker have re c e n t ly  
described a techn ique  fo r  th e  assessm ent o f  m o lecu lar  w eight 
d i s t r ib u t io n  from a s tudy  o f th e  l i g h t  s c a t t e r in g  p r o p e r t i e s  
of a polymer s o lu t io n  during  p r e c i p i t a t i o n  by c o o l in g .  Thermal 
techniques such as d i f f e r e n t i a l  therm al a n a ly s i s ,  te rm ograv i-  
m etric  a n a ly s is  and c a lo r im e try  a re  o f  growing va lu e  in  polymer 
c h a r a c te r i s a t i o n .
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In s t ru m e n ta l  te ch n iq u es ,  n o tab ly  i n f r a - r e d  and
u l t r a - v i o l e t  spec tropho tom etry , have been invoked e x te n s iv e ly
fo r  the  purpose o f  c h a r a c t e r i s a t i o n  o f  both  f r a c t io n s  and
removed segments. Indeed , in  th e  case  of p o ly v in y l  a c e ta te
g ra f te d  on to  p o ly v in y l  a lc o h o l ,  c h a r a c t e r i s t i c  a b so rp t io n  a t
8 .8 , 9.55 and 12• 35f-t has been a sc r ib e d  to  th e  g r a f t i n g  l in k s ,
the f i r s t  in  p a r t i c u l a r  being  a s s o c ia te d  w ith  a t e r t i a r y  a lco h o l
184group, in d ic a t in g  a-hydrogen replacem ent in  th e  backbone.
B eevers , White and B row n^”* have d e sc r ib ed  the  
use of X-ray s c a t t e r i n g  in  r e l a t i o n  to  th e  c h a r a c t e r i s a t i o n  
of b lock , random and g r a f t  copolymers o f methyl m e th a c ry la te  
w ith a c r y l o n i t r i l e .
Bombaugh, Cook and Champitt' have used d i f f e r e n t i a l  
thermal a n a ly s i s ,  p y r o ly s i s  and gas chromatography to  f in d  th e  
comonomer d i s t r i b u t i o n  in  e th y le n e - a c r y la te  copolymers. Random 
copolymers gave no f i r s t - o r d e r  t r a n s i t i o n  but b lock  copolymers 
showed -such a t r a n s i t i o n  due to  th e  p o ly e th y len e  segments being 
long enough to  e x h ib i t  c r y s t a l l i s a t i o n .
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5. ANALYSIS OF PEROXIDES AND HYDROPEROXIDES 
The d e te c t io n  and e s t im a t io n  o f perox ide  groups 
forming p a r t  o f polymer s t r u c t u r e  must be d i s t in g u is h e d  from 
the p a r a l l e l  problems a s s o c ia te d  w ith  perox ides  occluded or 
d isso lv ed  by the  polymer, b u t  in  p r in c ip l e  most of the  te c h ­
niques developed fo r  monomeric pe rox ides  and hydroperoxides 
can be u t i l i s e d  in  both  th e se  c o n te x ts .  The a n a ly s is  of
187peroxides has been reviewed r e c e n t ly ,  e x c e l l e n t ly  by Hawkins
188and b r i e f l y  by D avies; th e  former a l s o  reviewed th e  s u b je c t
a decade e a r l i e r ,  w h ile  M ilas  C r ie g e e ^ ^ ,  and Tobolsky 
192and Mesrobian have done so in  the  in te rv e n in g  y e a r s .
5 .1 . CHEMICAL METHODS
Chemical a n a ly s i s  e x p lo i t s  th e  o x id is in g  a b i l i t y  of 
the peroxide.. The c o n d i t io n s  n ecessa ry  fo r  q u a n t i t a t i v e  decom­
p o s i t io n  and o x id a t io n  va ry  w ith  th e  n a tu re  of th e  p e ro x id e ,  
the  so lv en t  and th e  reduc ing  ag en t ,  and l i t t l e - u n d e r s t o o d
c a t a l y t i c  e f f e c t s .  Methods d e sc r ib e d  in  the  l i t e r a t u r e  make
193 194 195-198use of fe r ro u s  compounds, r a l k a l i  io d id e s ,
199 194 . 200.201hydriod ic  a c id ,  stannous c h lo r id e ,  a rsen io u s  a c id ,
202 . 203benzoyl-leucom ethylene b lu e ,  d iphenyl su lph ide , and
203 204t r i e t h y l  a r s in e ,  A g e n e ra l  s tudy of the  r e a c t i v i t y
of v a r io u s  c l a s s e s  o f  p e ro x id es  w ith  sodium io d id e  in  a c e t i c
acid  a t  20° has shown t h a t  t h i s  d ec reases  in  the  s e r i e s -
peroxyac id s> hydroperox ides> peroxyes te rs> d ia lky l pe rox ides  and
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dimeric ketone p e ro x id e s> tr im e r ic  ketone  pe rox ides  and d i -  
t - b u ty l  p e rox ide . This o rder  was shown to  be p a r a l l e l  to  
the r a t e s  of hydrogenation  of s im i la r  perox ides  using  a p a l l ­
adium c a t a l y s t .  Thus w h ile  t - b u t y l  hydroperoxide and d ibenzoyl 
peroxide can be r e a d i ly  e s t im a ted  by th e  fe r ro u s  s a l t ,  stannous
s a l t ,  or a l k a l i  io d id e  te ch n iq u es ,  d i - t - b u t y l  pe rox ide  re q u i r e s
2 0 5the  more v igorous  c o n d i t io n s  of h y d r io d ic  ac id .  In  the
case of polym eric specimens i t  i s  n o t  always known i f  more
than one type  of perox ide  i s  p r e s e n t ;  in  such c ircum stances
2 0 3the exhaus tive  p rocedure  of Horner and Jurgens may be v a lu ­
ab le . I t  i s  c l e a r l y  e s s e n t i a l  t h a t  polymer should be taken  
in to  homogeneous s o lu t io n  fo r  q u a n t i t a t i v e  a n a ly s i s ,  and a lso  
high ly  d e s i r a b le  t h a t  the  polymer should remain in  s o lu t io n  
u n t i l  the  com pletion of th e  estimation; thus a polymer so lu b le  
in  sodium io d id e - a c e t i c  a c id  may be p r e c i p i t a t e d  during  sub­
sequent t i t r a t i o n  w ith  aqueous sodium th io s u lp h a te  and lead  
to c o n s id e ra b le  d i f f i c u l t i e s  by a d so rp t io n  of l i b e r a t e d  io d in e .  
U nsaturated polymers may r e a c t  w ith  f r e e  io d in e ,  even in  solution,
but t h i s  e f f e c t  may be avoided by ensuring  th a t  th e  io d in e  i s
206
kept in  th e  t r i - i o d i d e  ion  s t a t e  by excess a l k a l i  io d id e ,  or
by employing a secondary r e a c t io n ,  such as th e  o x id a t io n  of 
2 0 7t h io f lu o r e s c e in ,  to  consume a l l  io d in e  l ib e r a t e d  by the
primary r e a c t io n .
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5.2. PHYSICAL METHODS
208P h y s ic a l  techn iques  have inc luded  po larography ,
209 . ■ J „ , . „ - ■ „po ten tio m etr ic  t i t r a t i o n ,  i n f r a - r e d  and u l t r a - v i o l e t  s p e c t ­
roscopy, and v a r io u s  v a r i e t i e s  of chromatography. The p o la ro -
210 211graphic behav iour o f  lon g -ch a in  pero x y ac id s ,  d ip e ro x y ac id s ,
212 212t - b u ty l  p e ro x y e s te rs  and d ia c y l  pe rox ides  has been re p o r te d
213-215w h ils t  v a r io u s  hyd roperox ides , in c lu d in g  those  formed
216during the  a u to x id a t io n  o f a c e ty le n ic  compounds, have been
estim ated by t h i s  tech n iq u e . A s t a t i s t i c a l  comparison of
polarography w ith  io d id e  and stannous c h lo r id e  chem ical methods 
217has shown t h a t  fo r  pure  t e t r a l y l  hydroperoxide a l l  th re e  
methods g ive  s im i la r  f ig u r e s ,  whereas fo r  lo w -pur ity  hydro­
peroxides and a u to x id is e d  m ethyl o le a te  the  p o la ro g rap h ic  method 
gave lower r e s u l t s  than  th e  chem ical p rocedures .
I n f r a - r e d  s p e c t r a  o f  many perox ides  a re  rep u ted  to
218show a weak a b so rp t io n  band between 11.3 and 11. 8(1. This
has been a s s o c ia te d  w ith  th e  0 - 0  s t r e t c h in g  ab so rp t io n  of
219 220hydrogen perox ide  a t  11 .4p. P h i l p o t t s  and Thain observed
th a t  t e r t i a r y  a lc o h o ls ,  h y ro p e ro x id es ,  and pe rox ides  a l l  have
absorp tion  bands in  the  same re g io n ,  and th a t  th e se  appear to
be due to  th e  t -a lk o x y  r a th e r  than  th e  peroxy group. With low
221molecular w e igh t compounds ( e .g .  t - b u t y l )  the  d i f f e r e n c e  in
the p o s i t io n s  o f  th e  bands fo r  a lc o h o ls ,  hydroperox ides  and
peroxides i s  s u f f i c i e n t  to  r e s o lv e  m ix tu re s ,  bu t t h i s  i s  n o t
220so with h ig h e r  m o lecu la r  w eight compounds- ( e .g .  Cumyl).
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However, Shreve e t  a l , in  comparing t -b u ta n o l  w ith  t - b u t y l
hydroperoxide, found s tro n g  a b so rp t io n  a t  1 1 .8 2 | iw i th  the  l a t t e r ,
but no t w ith  th e  a lco h o l .  D i - t - b u ty l  perox ide  showed a s trong
absorp tion  a t  11.38(1. I t  has been observed th a t  a t  h igh  d i l u t i o n ,
in  media where hydrogen bonding i s  p rec lu d ed , hydroxyl (3380 cm
and hydroperoxide (3555 cm bands may be s e p a ra te ly  measured,
and use has been made o f  th i s -  in  fo llow ing  th e  a u to x id a t io n  of
223
so lid  p o ly e th y le n e .  A la rg e  p ro p o r t io n  o f  i n f r a - r e d  s p e c t ro s ­
copy and most u l t r a - v i o l e t  spec troscopy  have been concerned w ith  
i d e n t i f i c a t i o n  and th e  e lu c id a t io n  o f  s t r u c tu r e  r e l a t i n g  to  the  
r e s t  of the  m olecule r a t h e r  than  q u a n t i t a t i v e  e s t im a tio n  o f the  
peroxide c o n te n t .  In  th e  Raman s p e c t r a  o f  s e v e ra l  pe rox ides  
various workers have dem onstrated  a f a i r l y  in te n s e  band a t
188
11.3 to  11.4(i a t t r i b u t e d  to  th e  0 - 0 s t r e t c h in g  frequency.
Some p re l im in a ry  work w ith  n u c le a r  m agnetic  resonance sugges ts
th a t  t h i s  techn ique  may be u s e f u l  in  th e  i d e n t i f i c a t i o n  of
224,225 
peroxides. •
226 "227Column, p ap er ,  and gas chromatography have been
employed fo r  th e  s e p a ra t io n  o f  p e ro x id e s ,  th e  l a s t  techn ique
u r. , ' , „ , 187,188both q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  fo r  v o l a t i l e  p e ro x id e s . .
Ion exchange has been proposed fo r  removal of pe rox ides  from
228
e ther ,  w ith  subsequent recovery  of th e  ad so rb a te .
- 68 -
6. DISCUSSION
At the  in c e p t io n  of t h i s  programme o f re se a rc h  i t  was
the in te n t io n  to  exp lo re  techn iques  fo r  th e  c o n t r o l le d  in t r o d u c t io n
of pe rox ide , hydroperoxide or p e r e s t e r  s ide-g roups  a long polymer
chains by co n v en tio n a l  methods of o rgan ic  s y n th e s is .  These
re a c t iv e  groups were then  to  be employed fo r  th e  i n i t i a t i o n  of
g r a f t  co p o ly m erisa t io n s  w ith  secondary monomers or monomer m ix tu res .
At t h i s  time (1953) no p u b lish ed  work e x is te d  d e sc r ib in g  t h i s
experim ental approach, b u t  s h o r t ly  a f te rw ard s  Oda, Saigusa and 
X213 X2&Nozaki 9 made known t h e i r  method of in tro d u c in g  p e r e s t e r  
groups, v ia  a c id  c h lo r id e  groups using  phosphorous t r i c h l o r i d e .
6.1 . HYDROPEROXIDE SIDE-GROUPS VIA GRIGNARD SYNTHESIS
The f i r s t  l i n e  of approach was to  a ttem pt the  
conversion of e s t e r  groups in to  t e r t i a r y  a lco h o l groups by 
re a c t io n  w ith  s u i t a b l e  G rignard  re a g e n ts ,  v i z : -
CH_ CEL
3 I 3
 CEL - C   2 Ph Mg Br  CH_ - C - ..........
2 I  > 2 I
COO. CH_ Ph - C - Ph
I
Poly(m ethyl m e th a c ry la te )  OH
In p r a c t i s e ,  copolymers of s ty re n e  w ith  methyl m e th a c ry la te  
were p rep a red , in  o rd e r  to  r e s t r i c t  th e  number of r e a c t i v e  s id e -  
groups. The r e l a t i v e  r e a c t i v i t i e s  of m ethyl m e th a c ry la te  and
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r, 229 230styrene a t  60 C, quoted as 0 .46  and 0 .52  or 0 .46  and 0 .48
r e s p e c t iv e ly ,  should ensure  random copo lym erisa tion  i r r e s p e c t i v e
of the  monomer r a t i o s  employed. The nex t s tag e  in  the  sy n th e s is
was to  r e a c t  th e  t e r t i a r y  a lco h o l  s ide-g roups  w ith  hydrogen
231 23peroxide in  o rder  to  produce t e r t i a r y  hydroperoxide groups. 9 
U n fo r tu n a te ly ,  a l l  a t tem p ts  f a i l e d  to  ach ieve  s a t i s ­
fac to ry  r e a c t io n  of the  i n i t i a l  polymers w ith  the  G rignard 
reagents  employed. This p robably  i s  r e l a t e d  to  the  d i f f i c u l t y  
with which methyl m e th a c ry la te  u n i t s  may be hydro lysed  by a l k a l i ,  
whether the  u n i t s  a re  lo c a ted  in  a homopolymer or a copolymer. 
Such r e s i s t a n c e  to  h y d ro ly s is  i s  n o t  g r e a t ly  in f lu en c ed  by the  
ad jacent momomer u n i t s  in  copolymers, whether th e se  a re  of a 
type r e a d i ly  hydro lysed  as homopolymer ( e .g .  e th y l  a c r y la te )  
or non-hydro lysab le  ( e .g .  s ty r e n e ) .  T h is  behav iour of m ethyl 
m ethacry late  i s  c h a r a c t e r i s t i c  f o r  the  homologous s e r i e s  of 
n -a lk y l  e s t e r s  of m e th a c ry l ic  a c id .  Since the  monomeric e s t e r s  
are r e a d i ly  hydro lysed  by a l k a l i ,  i t  must be concluded th a t  the
p ro te c t io n  of th e  e s t e r  l inkage  r e s u l t s  from s t e r i c  h indrance
233in polymeric s t r u c t u r e s .  Marvel and Horning re p o r te d  t h a t  
poly(methyl a c r y la te )  can be hydro lysed  w ith  a l k a l i  and r e a c t s  
with methyl magnesium io d id e  to  g ive  a p o ly a lco h o l  b u t  poly  
(methyl m e th a c ry la te )  does n o t undergo th e se  tra n s fo rm a tio n s  
because of s t e r i c  h in d ran ce .
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R eten tio n  of halogen by the  polymer proved a f u r th e r  
d i f f i c u l t y ,  and e x p lo ra to ry  r e a c t io n  w ith  h igh  s t r e n g th  hydrogen 
peroxide led  to  no u s e f u l  r e s u l t s ,  and in  one case  to  spontaneous 
ig n i t io n  of almost ex p lo s iv e  v io le n c e .  Phenyl magnesium bromide, 
e th y l magnesium bromide, and m ethyl magnesium io d id e  were used 
to cover the  p o s s ib le  s ig n i f ic a n c e  of s t e r i c  e f f e c t s  due to  the  
Grignard re a g e n t ;  io d in e  a b so rp tio n  by polymer was more pronounced 
than bromine a b so rp t io n .
A copolymer of s ty re n e  w ith  methyl v in y l  ketone was 
prepared, s in ce  r e a c t io n  w ith  a G rignard  reag en t  would be 
expected to  y i e ld  a t e r t i a r y  a lco h o l  a l s o : -
 CH - CH0 - CH - CH0   ..........CH -  CH0 - CH - CH„ —
I 2 I 2 ------> I 2 I 2
Ph Me - C = 0  Me Mg I  Ph Me - C -  Me
I
OH
This method a l s o  gave d i f f i c u l t i e s  in  working up the  p ro d u c t ,  
and a brown polymer du© to  io d in e  ab so rp t io n .
6 . 1 . 1 .  A nalysis  of Copolymers and G rignard  r e a c t io n  products  
The copolymers of m ethyl m e th ac ry la te  and s ty re n e ,  
i s o la te d  by p r e c i p i t a t i o n ,  were d r ie d  and s u b jec te d  to  a n a ly s is  
for carbon and hydrogen. Copolymer (A) com position (found 
8 5 .0 2 % C ,  7 .9 6 % H )  corresponded to  a s ty ren e /m e th y l  m e th a c ry la te  
molar r a t i o  of 3 . 4 1 / 1  ( c a lc .  8 5 . 1 6 % C ,  7 .817oH ) compared w ith  
the i n i t i a l  r a t i o  o f  monomers 4 / 1 .  Copolymer ( B )  com position
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(found 82.537.C, 8 . 157.H) corresponded to  a r a t i o  of 4 .6 8 /2  ( c a lc .  
82.847.C, 7.847.H) compared w ith  th e  i n i t i a l  r a t i o  of monomers 5/2.,
The same copolymers, a f t e r  su b je c t in g  to  r e a c t io n  
with G rignard re a g e n ts ,  were re-exam ined fo r  carbon and 
hydrogen. Copolymers (A/1) (found 84 . 687>C, 7.617.H; by d i f f .  
7.717.0), (A/3) (found 84.077.C, 7.7570H; by d i f f .  8.187.0), and 
(B /l)  (found 82. 157.C, 7.807oH; by d i f f .  10.057,0) a l l  e x h ib i te d  
h igher oxygen c o n ten ts  than the  r e s p e c t iv e  o r ig i n a l  polymers (A) 
(by d i f f .  7.027.0), and (B) (by d i f f .  9.327o0 ) ,  whereas the  
expected r e a c t io n  should y ie ld  p ro d u c ts  of lower oxygen c o n ten t .  
For copolymers (A) and (B), the  conversion  of the  methyl meth­
a c ry la te  u n i t s  to  d ip h e n y l - t - a lc o h o l  groups as in  (A/1) and 
(B /l)  would r e s u l t  in  a s u b s t a n t i a l  decrease  in  oxygen c o n te n t ,  
and fo r  (A/3) convers ion  to  d im e th y l - t - a lc o h o l  groups would 
r e s u l t  in  a sm all d ecrease  in  oxygen c o n ten t .  The h ig h e r  oxygen 
contents  found may be ex p la ined  by p a r t i a l  f r a c t io n a t io n  of the  
polymers, s in ce  poor recovery  of polymer was ob ta ined  (477, fo r  
A/1, 737, fo r  A/3, and 747, fo r  B / l ) .
The r e l a t i v e  v i s c o s i t y  of a polymer s o lu t io n  i s  
defined as the  r a t i o  of th e  v i s c o s i t y  of th e  s o lu t io n  to  th a t  
of the  pure  s o lv e n t  determ ined under s im i la r  c o n d i t io n s .  The 
f igu re  i s  a measure of m o lecu lar  w eight d i f f e r e n c e s .  The 
r e l a t iv e  v i s c o s i t i e s  of th e  o r i g i n a l  polym ers, and those  
t re a te d  w ith  G rignard  r e a g e n ts ,  were determ ined. Copolymers
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(A) and (A/1) gave v a lu es  of 1.05 and 1 .06, w h ile  copolymers
(B) and (B / l )  gave 1.15 and 1.17 r e s p e c t iv e ly .  The sm all 
d if fe ren c es  in  each p a i r  of r e s u l t s  cannot be taken to  
rep re sen t  s i g n i f i c a n t  changes in  the  polymers.
S ince , du ring  the  experim ents aimed a t  r e a c t in g  
Grignard compounds w ith  the  s ty ren e /m e th y l  m e th ac ry la te  
copolymers a p r e c i p i t a t e  was formed, the  s o l u b i l i t y  was 
examined of th e  o r i g i n a l  polymers in  th e  so lv en ts  used fo r  
the Grignard r e a c t io n .  I t  i s  concluded th a t  p r e c i p i t a t i o n  was 
caused by the  G rignard  reag en t  a c t in g  as an incom patib le  s o lu te  
and no t by r e a c t io n  of the  polymer nor by th e  m ix tu re  of e th e r  
and benzene.
The d e s i r e d  r e a c t io n  w ith  G rignard  re ag en ts  was 
expected to  produce t-h y d ro x y l s id e  groups. Hydroxyl v a lu es  
were determined on the  t r e a t e d  polym ers, and w ith  the  excep tion  
of copolymer (B/2) the  v a lu es  were n o t  s i g i n i f c a n t  (0 .22  - 0.947. 
hydroxyl oxygen). The v a lu e  of 2,47> hydroxyl oxygen fo r  (B/2) 
must be cons ide red  a g a in s t  the  f a c t  t h a t  t h i s  copolymer was 
impure, s in ce  i t  was yellow  and co n ta in ed  io d in e ;  th e re fo re  
no v a l id  deductions  can be made on the  b a s i s  of t h i s  hydroxyl 
value. S id e - r e a c t io n s  might have produced c a rb o x y lic  a c id  
groups, bu t in  the  case  examined (A/1) th e  a c id  va lu e  was 
n e g l ig ib le .
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6 .1 .2 .  Conclusion
I t  was concluded t h a t  r e a c t io n  between G rignard 
reagents  and the  m ethyl m e th a c ry la te /s ty re n e  copolymers d id  
not occur r e a d i ly ,  p robab ly  because of s t e r i c  h indrance  o f fe re d  
by the  s t r u c tu r e  of th e se  polymers, which a lso  r e t a r d s  a lk a l in e  
hy d ro ly s is .
6.2. PERESTER SIDE-GROUPS VIA MALEIC ANHYDRIDE COPOLYMERS
232In  1953 D avies, F o s te r  and White dem onstrated t h a t
t -b u ty l  hydroperoxide  w ith  su c c in ic  anhydride , and p y r id in e  as
c a ta ly s t ,  y i e ld s  th e  t - b u t y l  h a l f  p e r e s t e r  of su c c in ic  a c id .
P h th a lic  anhydride e x h ib i te d  s im i la r  behav iou r ,  bu t m aleic
anhydride was found n o t  to  undergo t h i s  r e a c t io n .  (V erbal
communication from C.L. A rcus).
While m ale ic  anhydride does no t  r e a d i ly  undergo
homopolymerisation, i t s  a b i l i t y  to  copolym erise  w ith  o th e r
e th y le n ic a l ly  u n s a tu ra te d  compounds by f r e e - r a d i c a l  or io n ic
mechanisms has been known fo r  some y e a r s .  Amongst the  r e p o r te d
comonomers a re  s ty re n e ,  v in y l  a c e t a t e ,  v in y l  e th e r s  and e th y le n e .
The r e l a t i v e  r e a c t i v i t i e s  of m ale ic  annydride w ith  o th e r
234
monomers have been reviewed and th e  more r e l i a b l e  v a lu es  a re  
quoted in  Table  2. The d a ta  fo r  s ty re n e  and v in y l  a c e ta t e  
in d ic a te s  t h a t  w h ile  e i t h e r  of th e se  monomers and m ale ic  
anhydride a re  p re s e n t  in  a system the  copolymer formed w i l l
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co n s is t  p redom inantly  of an a l t e r n a t i n g  s t r u c tu r e .  With v in y l  
ch lo r id e ,  m ethyl a c r y l a t e  and m ethyl m e th ac ry la te  th e re  w i l l  be 
an in c re a s in g  tendency fo r  copolymer to  be en riched  w ith  the  
re sp ec t iv e  comonomer r e l a t i v e  to  th e  r a t i o  of monomers a v a i l a b le  
in the  system.
I t  i s  c l e a r  t h a t  in  a copolymer th e  m aleic  anhydride
un it  w i l l  assume the  s t r u c tu r e  of an a , (3 -d is u b s t i tu te d  su cc in ic
anhydride, and as such might be expected to  undergo the  r e a c t io n
232with t - b u t y l  hydroperoxide  as d e sc r ib ed  by Davies e t  a l .  This 
should p rov ide  p e r e s t e r  s id e  groups fo r  the  i n i t i a t i o n  of g r a f t  
copolym erisation . Consequently , th e  n ex t phase of th e  work 
was concerned w ith  th e  exam ination of th e  r e a c t io n  between 
t -b u ty l  hydroperoxide and some m ale ic  anhydride copolymers.
In  s e le c t in g  a m ale ic  anhydride copolymer fo r  d e ta i l e d  
study, those  rep u ted  to  p o ssess  an a l t e r n a t i n g  equim olar s t r u c t u r e  
o ffe r  the  advantages of u n ifo rm ity  of com position. This should 
lead to  th e  avoidance of f r a c t io n a t io n  accord ing  to  com position 
of the backbone during  subsequent c h a r a c t e r i s a t i o n  of th e  g r a f t  
copolymers. One such copolymer was p repa red  by p o ly m erisa t io n  
in to luene of equim olar p ro p o r t io n s  of s ty re n e  and m aleic  
anhydride. The copolymer was p r e c i p i t a t e d  from s o lu t io n  as 
formed, and th e  d r ie d  p roduc t was su b jec te d  to  r e a c t io n  w ith  
t -b u ty l  hydroperoxide  in  s o lu t io n  in  p y r id in e  or ace tone .
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S ty ren e ,  w ith  i t s  arom atic  n u c leu s ,  o f f e r s  th e  advantages 
of chemical s t a b i l i t y  and ease  of d e te c t io n  by sp ec tro sc o p ic  methods. 
Attempts were made to  p re p a re  copolymers w ith  m ale ic  anhydride , o th e r  
than th e  equim olar one, b u t th e se  were u n su cc e ss fu l .  Copolymers of 
methyl m e th a c ry la te  w ith  m ale ic  anhydride , however, were p rep a red  
using two monomer r a t i o s ,  5 /1  and 20/1 m olar, by p o ly m e r isa t io n  in  
to luene ; h e re  th e  copolymers remained so lu b le ,
A copolymer, re p u te d ly  equim olar and of a l t e r n a t in g
s t r u c tu r e ,  of m ethyl v in y l  e th e r  and m ale ic  anhydride was a v a i l a b le  
225commercially. I t  was c h a r a c te r i s e d  by a s p e c i f i c  v i s c o s i t y  
quoted as 1.2 - 1 .8 ,
232Whereas D avies, F o s te r  and W hite, hand ling  simple 
molecules, were a b le  to  c a r ry  out r e a c t io n s  w ith  t - b u t y l  hydroperoxide 
a t  high c o n c e n tra t io n s  o f  th e  r e a c t a n t s  and in  th e  absence of 
a d d i t io n a l  s o lv e n t s ,  th e  use  o f  polymers in tro d u ced  th e  d i f f i c u l t y  
of handling  v isco u s  s o lu t io n s .  In  th e  e a r l i e r  experim ents , to  
avoid the  in t r o d u c t io n  of a fo u r th  component, t - b u t y l  hydroperoxide  
or p y r id in e  were used in  ex cess iv e  c o n c e n tra t io n s  to  a c t  as 
so lv en ts ;  th e  former was u n s u i ta b le  a lo n e ,  bu t p y r id in e  was found 
to  be a good so lv en t  fo r  a l l  th e  m ale ic  anhydride copolymers examined.
Using a p y r id in e  and t - b u t y l  hydroperoxide  m ix tu re  as 
solvent w ith  p o ly ( s ty r e n e - a l t - m a le ic  anhydride) s e v e ra l  r e a c t io n  
conditions  were examined. Polymer (D/1) was o b ta ined  by r e a c t io n  
for 65 hours a t  50° , w ith  p y r id in e  and t - b u t y l  hydroperoxide  in
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approximately th e  same r a t i o  as employed by Davies e t  a l . ,  b u t 
p r e c ip i t a t i o n  during  r e a c t io n  in tro d u ced  non-homogeneous c o n d i t io n s ;  
d i lu t io n  w ith  tw ice  as much p y r id in e  as employed i n i t i a l l y  was 
necessary  to  r e s t o r e  homogeneity. In  th e  nex t experiment th e  r a t i o  
of r e a c ta n ts  was changed in  o rder to  m a in ta in  homogeneity throughout 
the r e a c t io n  p e r io d ;  a f t e r  48 hours a t  50° the  p roduct (D/2) was 
recovered. The c o n d i t io n s  fo r  polymer (D/3) were in tended  to  tak e  
the p e r e s t e r i f i c a t i o n  f u r th e r  than  w ith  (D/1) and (D/2) by o p e ra t in g  
a t  a lower polymer c o n c e n t ra t io n ,  w ith  a h ig h e r  p ro p o r t io n  of t - b u t y l  
hydroperoxide in  th e  so lv en t  m ix tu re  and fo r  a longer p e r io d  a t  50°« . 
A fte r  only 22 hours  th e  f i r s t  s ig n  of inhomogeneity was n o ted ,  and 
a small a d d i t io n  of p y r id in e  a t  t h i s  ju n c tu re  ensured a homogeneous 
system fo r  th e  f u l l  r e a c t io n  p e r io d  of 13 days. Polymer (D/4) was 
obtained w ith  approx im ate ly  th e  same r a t i o s  of r e a c ta n t s  as (D/3) 
but in  3 hours a t  100°, w ithou t lo s s  of homogeneity; the  h ig h e r  
tem perature was expected  to  g ive  more ra p id  p e r e s t e r i f i c a t i o n  bu t  
t - b u ty l  hydroperoxide  i s  l i k e ly  to  be th e rm a lly  u n s ta b le  under 
these c o n d i t io n s ,  s in ce  i t  i s  recommended as a f r e e - r a d i c a l  
po lym erisa tion  i n i t i a t o r  a t  e le v a te d  tem p era tu re s ,  u s u a l ly  about 
100°. Next, r e a c t io n  tem pera tu res  of 25° and 50° were compared 
in  the  p re p a ra t io n  of polymers (D/5) and (D /6 ) ,  u s ing  q u a n t i t i e s  
of p y r id in e  and t - b u t y l  hydroperoxide  expected  to  m a in ta in  
homogeneity, on th e  b a s i s  of th e  f i n a l  c o n d i t io n s  fo r  polymer (D /3).
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However, a f t e r  24 hours  a t  50° and a f t e r  6 days a t  25° s igns  
of inhomogeneity became ap p a ren t ,  and a t  the  end o f 13 days e x t r a  
p y rid ine  was needed to  m ain ta in  s o lu t io n .  Since the  therm al 
s t a b i l i t y  of polym eric  t - b u t y l  p e r e s t e r s  was unknown, a l l  f u r th e r  
experiments were conducted a t  the  lower tem peratu res  of 23-37° 
to minimise p o s s ib le  re d u c t io n s  of y ie ld s  by such breakdown.
Polymer (D/8) was made on a l a r g e r  s c a le ,  w ith  recovery  of 
successive  p o r t io n s  of polymer from the  r e a c t io n  m ix tu re  a t  
i n t e r v a l s ;  i t  y ie ld e d  a s e r i e s  o f  p roduc ts  (D/8a - D /8 f) .
However, in  th e  course  of t h i s  experim ent, the  s o lu t io n  re q u ire d  
successive  d i l u t i o n  w ith  p y r id in e  to  m a in ta in  homogeneity to  the  
end of 45 days. (D/7 was as D/8, b u t ,  owing to  f a i l u r e  of a 
the rm osta t ,  only th e  f i r s t  f r a c t io n  was o b ta in e d ) .
In  th e  p re p a ra t io n  of polymers (D/1) to  (D/8) the  
f requen tly  encountered  development o f  inhomogeneity was evidence 
of some r e a c t io n  o ccu r r in g .  With th e  excep tion  of (D /4) , p repared  
a t  100° and (D /7 ) ,  p r e c i p i t a t e d  from a c e t i c  a c id ,  the  y ie ld  of 
product was equal to  or g r e a t e r  than  the  w eight of polymer (D) 
taken; t h i s  conforms w ith  th e  expected  r e a c t io n ,  in  which 100?o 
conversion of m ale ic  anhydride  to  the  h a l f - t - b u t y l  p e r e s t e r  should 
y ie ld  144.5 g. p ro d u c t  from 100 g. p o ly ( s ty r e n e - a l t - m a le ic  an h y d rid e ) .  
However, in  each case  the  vacuum-dried p roduc t possessed  an odour 
of p y r id in e ,  and t h i s  i s  p robab ly  accounted fo r  by th e  a s s o c ia t io n  of 
py rid ine  w ith  th e  c a rb o x y lic  a c id  g roups, one o f  which i s  produced 
for each anhydride u n i t  r e a c t in g  w ith  t - b u t y l  hydroperoxide .
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No a t tem p ts  were made to  remove p y r id in e  by washing the  
products w ith  aqueous h y d ro c h lo r ic  a c id  because i t  was thought 
u n des irab le  to  r i s k  h y d ra t io n  of u n reac ted  anhydride groups, s in ce  
these  should be v a lu a b le  in  subsequent a n a ly s i s ,  and would promote 
s o lu b i l i t y  in  o rgan ic  so lv e n ts  f o r  g r a f t  co p o ly m erisa t io n s .  However, 
in  the  case  o f polymer (D /7 ) ,  a f t e r  i n i t i a l  p r e c i p i t a t i o n  by e th e r  
the polymer was r e d is s o lv e d  in  g l a c i a l  a c e t i c  a c id  and ace tone , 
and r e p r e c i p i t a t e d  by e th e r ;  t h i s  p rocedure  was e f f e c t i v e  in  
removing p y r id in e  in  t h a t  th e  d r ie d  p roduc t d id  n o t  p o sse ss  an 
odour of p y r id in e ,  and th e  y ie ld  (1 .0  g . )  was lower than  t h e o r e t i c a l  
(1 .4  g .)  in  d i s t i n c t i o n  from polymers (D /1 ) ,  (D /2 ) , (D /3 ) ,  (D/5) 
and (D/6).
Polymers (D/9a) and (D/9b) were p repared  i n  one experiment 
in  acetone s o lu t io n ,  employing p y r id in e  in  a c a t a l y t i c  q u a n t i ty  
only, and t - b u t y l  hydroperox ide  in  0 ,55  molar p ro p o r t io n  to  the  
anhydride. Here i t  proved e a s i e r  t o  reco v er  polymer f r e e  from 
p y r id in e ,  and by a llow ing  r e a c t io n  a t  23° to  proceed  fo r  8 days 
fo r (D/9a) and 16 days fo r  (D /9b), two le v e l s  of p e r - e s t e r i f i c a t i o n  
were ob ta in ed , th e  y ie ld s  in d ic a t in g  9% and 15% of th e  anhydride 
groups re a c te d  r e s p e c t iv e ly .
Polymers (E /1 ) ,  ( F / l ) ,  (F /2 ) and (F /3 ) were ob ta ined  by 
re ac tio n  a t  37° f o r  7 days, u s ing  p y r id in e  as s o lv e n t .  In  th e  
case of (E/1) p r e c i p i t a t i o n  from a c e t i c  a c id  s o lu t io n  proved 
d i f f i c u l y ,  and us ing  m ethanol r e s u l t e d  in  a low y i e ld  of a p roduct
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free  from p y r id in e .  Polymer ( F / l ) ,  and h a l f  of a c o n t ro l  s o lu t io n  
om itting t - b u t y l  hydroperox ide , were t r e a t e d  w ith  methanol a t  37° 
fo r  two days to  determ ine i f  t h i s  r e s u l t e d  in  th e  form ation  of 
some h a lf -m e th y l  e s t e r ,  so t h a t  th e  e f f e c t  of us ing  methanol as 
p r e c ip i t a n t  could  be a sse sse d .  Polymer (F /2) was p r e c i p i t a t e d  
from p y r id in e  s o lu t io n ,  g iv in g  a p roduc t in  h igh  y i e l d  and w ith  
an odour of p y r id in e .  An a ttem pt to  p r e c i p i t a t e  polymer (F /3) 
from a c e t ic  a c id  s o lu t io n  by methanol was n o t  s u c c e s s fu l ,  so the  
product was i s o l a t e d  by adding excess w a ter  and c o a g u la t in g  w ith  
hydroch lo ric  a c id .  Polymers (E) and (F ) ,  based on m ethyl meth­
a c ry la te  and c o n ta in in g  le s s  m aleic  anhydride than  polymer (D) 
proved to  be more r e a d i ly  so lu b le  in  o rgan ic  s o lv e n ts ;  thus  t h e i r  
d e r iv a t iv e s  were more d i f f i c u l t  to  i s o l a t e  s a t i s f a c t o r i l y  by 
p r e c ip i t a t i o n .
Polymer (G /l)  was p r e c i p i t a t e d  r e a d i ly  from p y r id in e  
so lu tio n  by e th e r .  The y i e ld  was h igh  and th e  p roduc t had an odour 
of p y r id in e ,  b u t  th e  s e p a ra t io n  of polymer during  p re p a ra t io n  was 
evidence of r e a c t io n .
6 .2 .1 .  A nalysis  of M aleic Anhydride Copolymers and P e r e s t e r s
S o lu b i l i t y  c h a r a c t e r i s t i c s  were u s e f u l  in  p ro v id in g  
inform ation on th e  com position  of some of the  polymers. The 
equimolar copolymer of s ty re n e  and m ale ic  anhydride , polymer (D), 
gave c l e a r ,  c o lo u r l e s s ,  v isco u s  s o lu t io n s  in  aqueous sodium 
hydroxide or ammonium hydrox ide , in d ic a t in g  th e  absence of
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styrene  homopolymer, s in ce  th e  l a t t e r  would r e s u l t  in  a dloudy 
so lu t io n  or in s o lu b le  polymer. The m ethyl v in y l  e th e r  copolymer 
(G) a lso  gave c l e a r ,  co lo u r le ss^  v isco u s  s o lu t io n s  in  aqueous 
a lk a l i e s ,  b u t th e  m ethyl m e th a c ry la te  copolymers (E) and (F) 
were no t a l k a l i - s o l u b l e  because of th e  sm a lle r  p ro p o r t io n  of 
maleic anhydride copolym erised. While polymer (D) was r e a d i ly  
so luble  in  dry ace tone , th e  p a r t i a l l y  p e r e s t e r i f i e d  d e r iv a t iv e s  
were no t so lu b le ,  due to  th e  c a rb o x y lic  ac id  groups formed, 
unless w a ter  was added a l s o .  The s o l u b i l i t y  of a l l  th e  p a r t i a l  
p e re s te r s  of polymer (D) in  aqueous a l k a l i e s ,  though they  were 
in so lu b le  in  water^ in d ic a te d  t h a t  e s t e r i f i c a t i o n  was f a r  from 
complete and th a t  no c r o s s - l in k in g  had occurred*
Polymer (D) and th e  d e riv ed  p roduc ts  (D/3) and (D/4) 
were su b jec ted  to  a n a ly s i s  fo r  carbon and hydrogen. The o r i g i n a l  
copolymer (found 69.57%C, 5*25%H) the reby  con ta in ed  51.5% m aleic  
anhydride (calc*  70;05%C, 4.80%H) compared w ith  the  t h e o r e t i c a l  
value of 48*5% f o r  a t r u e  equimolar com position . In  comparison 
with th e  t h e o r e t i c a l  com position of f u l l y  re a c te d  polymer (D),
(ca lc .  28.55%0) th e  a n a ly s i s  f o f  polymer (D/3) (found 64;65%C,
6,10%H; by d i f f .  29.25%0) has ho adequate  e x p lan a t io n ;  fo r  
polymer (D /4), produced a t  100°, (found 66.45%C, 6;46%H; by 
d i f f ,  27.09%0) th e  r e s u l t  i s  s e n s ib le .
The r e l a t i v e  v i s c o s i t y  of polymer (D) a t  0;4% c o n c e n tra t io n  
was determined in  bo th  ace tone  and aqueous sodium hydrox ide . The 
figures^ 1.41 and 2.08 r e s p e c t iv e ly ,  in d i c a t e  th e  g r e a t e r  degree 
of unco iling  of th e  polymer ch a in  in  th e  io n is e d  c o n d i t io n .
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A conven ien t method of assay  of t h i s  type  of copolymer 
is  to  determ ine th e  a c id  v a lu e  o f  th e  hyd ra ted  form. Since th e  
p o ly ( s ty re n e -a l t -m a le ic  ac id )  i s  n o t  w a te r - so lu b le  p r i o r  to  n e u t r a l ­
i s a t io n ,  t i t r a t i o n  by aqueous a l k a l i  must be conducted on a s o lu t io n  
of the  polymer in  an o rgan ic  w a te r -m isc ib le  so lv en t  w ith  o r  w ith o u t  
added w a te r .  F or convenience and speed o f r e a c t io n  p o ly ( s ty re n e -  
a l t -m a le ic  anhydride) may be d is so lv e d  in  ace tone  and hy d ra ted  by 
the a d d i t io n  o f  w a te r .  Acetone i s  n o t  a s a t i s f a c t o r y  so lv en t  f o r  
t i t r a t i o n  by aqueous a l k a l i  i f  th e  end p o in t  i s  to  be determ ined 
c o lo r im e t r ic a l ly  w ith  an i n d i c a to r  such as p h e n o lp h th a le in ;  a 
p re fe r re d  i n d ic a to r  i s  thymol b lu e .  P o te n t io m e tr ic  t i t r a t i o n  may 
be employed, b u t  t h i s  a l s o  r e q u i r e s  a p a r t i a l l y  o rgan ic  s o lv e n t .  
D isso lu tion  o f  p o ly ( s ty r e n e - a l t - m a le ic  anhydride) in  excess 
aqueous a l k a l i  and b a c k - t i t r a t i o n  w ith  a c id  i s  p e rm is s ib le ,  bu t 
in the  case  of th e  p a r t i a l  p e r e s t e r  would be unaccep tab le  on
account o f  th e  chance o f h y d ro ly s is .
236Bamford and Barb in  d e a l in g  w ith  th e  copo ly m erisa t io n
of s ty ren e  and m ale ic  anhydride  co n s id e red  th e  te chn iques  o f  s e v e ra l
workers f o r  th e  e s t im a t io n  of m ale ic  anhydride in  t h e i r  polym ers.
237Alfrey and Lavin d e f in ed  t h e i r  method as e le c t ro m e t r ic  t i t r a t i o n
238but gave no d e t a i l s .  Smets and de Wilde used p o te n tio m e try  in
aqueous ace tone  s o lu t io n  w ith  decinorm al sodium hydrox ide , b u t
239described t h e i r  work in  no g r e a t e r  d e ta i l*  G a r re t  and G u ile  
concluded t h a t  aqueous p o te n t io m e tr ic  t i t r a t i o n  "p ro v id es  a v a l i d  
method of a n a ly s is  o f  th e  m ale ic  anhydride  com position  o f  th e
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copolymer", b u t  they  f i r s t  d is so lv ed  th e  polymer in  ace tone , added 
excess decinorm al aqueous sodium hydrox ide , then  b o i le d  o f f  th e  
acetone b e fo re  b a c k - t i t r a t i o n  w ith  decinorm al h y d ro ch lo r ic  a c id .
For aqueous t i t r a t i o n s  of t h i s  type  they suggested  t h a t  thymol 
blue or phenol red  (b u t  n o t  p h en o lp h th a le in )  would p ro v id e  s u i t a b l e  
v is u a l  i n d i c a to r s .  They a l s o  observed th a t  anhydrous p o te n t io ­
m etric  t i t r a t i o n s  o f  th e  polym eric m ono-ester in  ace tone  media 
were p r a c t i c a l  us ing  decinorm al m ethanolic  sodium hydroxide .
However, Bamford and Barb p r e f e r r e d  th e  method of F r i t z  and 
240L is ic k i  u s ing  sodium mhthoxide t i t r a t i o n  o f  a dry acetone 
so lu tio n  w ith  m ethano lic  thymol b lu e  as in d i c a to r .  The l a t e r  
workers used a r e f in e d  techn ique  employing £ m ic ro b u re t te ,  thus  
reducing sample s i z e  to  15-20 mg. polymer in  4 ml. ace to n e ;  fo r  
an approxim ately  1:1 copolymer they  o b ta ined  48 .0  + 0.97. 
maleic anhydride as th e  mean o f fo u r  d e te rm in a tio n s .
D eterm ination  of th e  a c id  v a lu es  of polymers (D) and 
(D/1), by adding excess a l k a l i  to  ace tone  s o lu t io n s  and back- 
t i t r a t i n g  w ith  h y d ro c h lo r ic  a c id  u s ing  p h e n o lp h th a le in  as 
in d ic a to r ,  was f r u s t r a t e d  by poor e n d -p o in ts .  E le c t ro m e tr ic  
t i t r a t i o n s  of polymers (D) and (D/3) in  aqueous ace tone  s o lu t io n s  
gave r e s u l t s ,  c a l c u la te d  from h a I f - n e u t r a l i s a t i o n  o f  anhydride 
un its  a t  pH 8 .5 ,  o f  51.57. m ale ic  anhydride  in  polymer (D) and 
36.07. in  polymer (D /3 ) .  The former f ig u r e  i s  in  good agreement 
with a n a ly s is  fo r  carbon and hydrogen, w h ile  th e  l a t t e r  f ig u r e
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In d ica tes  21% r e a c t io n  of m aleic  anhydride  u n i t s  w ith  t - b u t y l  
hydroperoxide. However, th e  method was regarded  as i n s u f f i c i e n t l y  
p re c is e ,  being  dependant on th e  assum ption o f h a l f  n e u t r a l i s a t i o n  
of anhydride u n i t s  and no n e u t r a l i s a t i o n  of h a l f - e s t e r  u n i t s  a t  
pH 8 .5 . I t  was deemed more a p p ro p r ia te  to  a t tem p t d i r e c t  e s t im a t io n  
of p e r e s te r  groups.
195K, Nozaki d e sc r ib ed  a method fo r  th e  d e te rm in a tio n  
of organic  p e ro x id e s .  I t  c o n s is te d  of d is so lv in g  th e  specimen 
in  a c e t ic  anhydride and adding anhydrous sodium io d id e  ( t h i s  i s  
very so lu b le  in  a c e t i c  anhydride , whereas po tass ium  io d id e  i s  n o t ) .
The io d in e  l i b e r a t e d  was t i t r a t e d  w ith  sodium th io s u lp h a te  a f t e r  
d ilu tion  w ith  w a te r .  Chloroform was recommended as a s o lv e n t  f o r  
polymer samples, t h i s  p ro v id in g  a conven ien t means f o r  observ ing  
the end-po in t when t i t r a t i n g .  The a c e t i c  anhydride  should  be f r e e  
from a c e t ic  a c id  as th e  l a t t e r  was s t a t e d  to  c a ta ly s e  th e  a tm ospheric  
oxidation  o f  sodium io d id e  to  g iv e  e x t r a  f r e e  io d in e .
T his  method was a p p l ie d  to  dry d ibenzoyl pe ro x id e  
and gave r e s u l t s  co rrespond ing  to  98.0% and 98.6% p u r i t y ,  which 
compared favourab ly  w i th  th e  m an u fac tu re r’ s s p e c i f i c a t i o n 0 With 
a mixture o f  t - b u t y l  hydroperox ide  and d i - t - b u t y l  p e ro x id e ,  c o n ta in in g  
nominally 72% of th e  form er, th e  method in d ic a te d  75.0% t - b u t y l  
hydroperoxide, assuming no r e a c t io n  w i th  th e  d i - t - b u t y l  p e ro x id e .
When the method was applied to polymers it proved difficult to 
find a water-immiscible solvent for the polymer for both the
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reaction with sodium iodide and the subsequent titration with 
aqueous sodium thiosulphate. In cases where polymer was preci­
pitated by the addition of water, it absorbed iodine and this 
resulted in an unsatisfactory end-point. Methyl iso-butyl ketone 
was promising as a solvent, and when tested in conjunction with 
dibeazoyl peroxide resulted in a figure of 98.1% for purity; 
however, with the t-butyl hydroperoxide solution, even with 
extended reaction time, a poor end-point for the titration and 
a low result were obtained. Under these conditions polymer (D) 
indicated a negligible peroxide content and polymer (D/1) Indicated 
12% t-butyl hydroperoxide, corresponding to 327. mono-peresterifi- 
cation of the malfeic anhydride units in polymer (D). In both cases 
the polymer resulted in some emulsification of the solvent and 
consequently rather indefinite end-points. The solvent clearly 
retarded reaction of sodium iodide with t-butyl hydroperoxide, and 
for this reason, as well as emulsification difficulties, the method 
could not be regarded as satisfactory for the analysis of the 
perester content of polymers. Therefore an alternative approach 
was investigated.
241
Anderson and Kenyon pointed out that phthalic
anhydride does not undergo rapid mono-esterification with ethyl
alcohol at 25°, but does so with potassium methoxide, and the fact
that the sodium and potassium derivatives of alcohols react readily
242
with succinic and phthalic anhydrides has been known since 1896.
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this reaction was therefore examined for the estimation of 
anhydride in polymers.
Polymer (D) in  acetone y ie ld ed  a p r e c ip ita te  on t i t r a t io n
with methanolic potassium  hydroxide, due to  the in s o lu b i l i t y  o f the
half-salt form of the polymer in organic solvents. However, the
methyl m ethacrylate copolymers (E) and (F) did not ex h ib it th is
behaviour due to their much lower anhydride contents. The results
obtained were 2.4% and 9.4% maleic anhydride respectively. Comparing
these values with the maleic anhydride available at the start of
polymerisation, in the case of polymer (E) 51% of the anhydride was
copolymerised (c.f. overall conversion of 757.), while for polymer
(F) 577. of the anhydride was copolymerised (c.f. overall conversion
of 817.). These findings are in qualitative agreement with the
234relative reactivities of methyl methacrylate (3.5-6.7) and 
maleic anhydride (0.02-0.03) which suggest enrichment of the 
copolymer by methyl methacrylate compared with the initial monomer 
ratios.
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Finally, the method of Fritz and Lisicki was investigated. 
Using benzoic acid for standardisation, the equivalent weights for 
monomeric acids and anhydrides were determined; citric acid (calc. 
70.0, found 70.4) and phthalic acid (calc. 83.1, found 82.9) showed 
good agreement with the theoretical values, while maleic anhydride 
(calc. 100, found 97.0) was fair and phthalic anhydride (calc. 148.1, 
found 128.6) poor. The formation of gelatinuous precipitate at the
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eii<l-point probably accounts for the high values and the range of 
maleic anhydride contents (53-567.) on polymer (D). In contrast, 
polymers (E) and (F) gave no precipitate. For polymer (E) the 
maleic anhydride content of 3.77. is to be compared with the figure 
of 2.47. by titration with methanolic potassium hydroxide. For 
polymer (F) the maleic anhydride content of 9.67. agrees better with 
the previous figure of 9.47.. Polymer (D/1) was insoluble in dry 
acetone and in pyridine gave no satisfactory end-point.
Infra-red spectra 1, 2, and 3 show the absorption
characteristics of t-butanol (Shell Ltd.), t-butyl hydroperoxide
(about 727., in di-t-butyl peroxide, Laporte Ltd.) and di-t-butyl
peroxide (Laporte Ltd.) respectively. Distinct and fairly strong
absorptions for t-butanol at 10.9|i, t-butyl hydroperoxide at 11.8fi,
and di-t-butyl peroxide at 11.4|i can be seen quite readily; this
222
is in agreement with the findings of Shreve et al.
Spectrum 4 for polystyrene (film supplied by Perkin 
Elmer Ltd. for calibration) shows medium absorption at 11.8p. but 
poly(styrene-alt-maleic anhydride) (D) does not show this absorption 
(Spectrum 5). It therefore follows that I.R. analysis would be 
unsuitable for the detection of t-butyl hydroperoxide in the presence 
of polystyrene, although the method may be valid for t-butyl hydro* 
peroxide in the presence of poly(styrene-alt-maleic anhydride). But 
it is not necessarily true that the t-butyl half perester polymer 
would show absorption at 11.8^ i, especially as the hydroxyl groups of
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t -b u ty l  hydroperox ide  would be ab sen t in  th e  p e r e s te r  p o ld e r *
However, n e i th e r  p o ly s ty re n e  no r p o ly (s ty re n e -a l t -m a le ic  anhydride) 
shows a p p re c ia b le  a b so rp tio n  a t  11.4m which i s  c h a r a c te r i s t i c  fo r  
d i - t - b u ty l  p e ro x id e . B u t, again  th e  p e r e s te r  polymer may n o t 
absorb in  t h i s  reg io n  e i th e r .  A more a c c e p ta b le  monomeric model 
fo r th e  p e r e s te r  polym er would be a sim ple t - b u ty l  p e r e s te r ;  t - b u ty l  
perbenzoate (L ap o rte  L td .)  shows a b so rp tio n  peaks a t  11 .6 , 12 .05 ,
12.6 and 13. 3m- (Spectrum  6 ) ,  w h ile  t - b u t y l  p e r-2 -e th y lh e x o a te  
(Laporte L td .)  absorbs m odera tely  a t  11, 65m w ith  only weak a b so rp tio n  
a t 12.45 and 13. 3m  (Spectrum  7 ) . The s p e c tra  o f bo th  th e se  e s te r s  
show s l ig h t  a b so rp tio n  a t  2.8m  and 1 0 .9m* p robab ly  due to  t r a c e s  
of t-b u ta n o l ( c . f .  Spectrum  1 ). A sharp  peak a t  13. 3m fo r  t - b u ta n o l ,  
t -b u ty l  h y d roperdx ide , d i - t - b u t y l  p e ro x id e  and t - b u ty l  pe rb en zo a te  
i s  due to  th e  t - b u t y l  p e ro x id e  group, and i t s  in te n s i ty  d ecreases  
in  r e la t io n  to  th e  m o lecu lar w e ig h t, so th a t  fo r  t - b u ty l  p e r - 2 - e th y l-  
hexoate i t  becomes r e l a t i v e l y  weak. The peak a t  11.6 o r 11. 65m fo r  
the two p e r e s te r s  co rresponds to  th o se  a t  11.4m fo r  d i - t - b u ty l  p e ro x id e  
and 11,8m  fo r  t - b u t y l  hyd ro p ero x id e , and i s  th e re fo re  most p robab ly  
asso c ia ted  w ith  th e  peroxy lin k ag e  in  th e  m o lecu les. In  th e  case  o f 
t-b u ty l p e rb en zo a te  th e re  a re  a d d i t io n a l  p eak s , n o ta b ly  a t  14. 2m , 
asso c ia ted  w ith  th e  benzene n u c leu s . A peak due to  peroxy ab so rp tio n  
a t 11, 6m  would be d i f f i c u l t  to  d e te c t  in  th e  case  o f p o ly s ty re n e  
(Spectrum 4) b u t somewhat e a s ie r  w ith  p o ly ( s ty re n e -a l t -m a le ic  anhydride)
which shows l i t t l e  a b so rp tio n a t  t h i s  wave lenghjt (Spectrum  5) 
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S p e c tra  8 to  11 a re  fo r  p a r t i a l  t - b u ty l  p e r e s te r s  o f 
p o ly (s ty re n e -a lt-m a le ic  an h y d rid e ). Polym ers (D/5) and (D/6) 
prepared in  p y r id in e  s o lu t io n  show a h igh  le v e l  o f g e n e ra l 
ab so rp tio n , th e  one p rep a red  a t  th e  h ig h e r tem p era tu re  (D/6) 
being w orse. Polym ers 0 /9 a )a n d  0 / 9b )p rep ared  in  ace tone  s o lu t io n  
show le s s  g e n e ra l a b so rp tio n , and th e re  i s  no ev idence o f d if f e r e n c e  
due to  lo n g e r r e a c t io n  tim e fo r  0 / 9b.) In  none o f  th e se  s p e c tra  i s  
th e re  any s ig n  o f an a b so rp tio n  peak a t  1 1 .6p. which m ight be 
a t t r ib u te d  to  t - b u t y l  p e r e s te r .
6 .2 .2 . C onclusion
The specimen- o f p o ly ( s ty re n e -a l t -m a le ic  anhydride) 
polymer (D ), was found to  c o n ta in  51.57. m ale ic  anhydride by bo th  
an a ly sis  fo r  carbon and hydrogen and e le c tro m e tr ic  t i t r a t i o n  w ith  
a lk a l i  in  aqueous ace to n e  s o lu t io n ;  t h i s  v a lu e  compares w ith  th e  
th e o re t ic a l  f ig u re  of 40.5% fo r  equim olar com position . The m odified  
polymer (D /3) examined by e le c tro m e tr ic  t i t r a t i o n  gave an in d ic a t io n  
of 21% re a c t io n  o f th e  anhydride groups w ith  t - b u ty l  hydroperox ide . 
Other t i t r i m e t r i c  p ro ced u res  and e s tim a tio n  o f p e r e s te r  c o n ten t 
io d im e tr ic a lly  were u n f r u i t f u l ,  p r in c ip a l ly  due to  th e  s o lu b i l i ty  
c h a r a c te r is t ic s  of th e  polym er.
Non-aqueous t i t r a t i o n s  u sin g  m ethano lic  po tassium  hydroxide 
or sodium m ethoxide fo r  polym er (E) in d ic a te d  2 .4 - 3 .7%> m ale ic  
anhydride and fo r  (F) 9.4-9.6%  m ale ic  anhydride copolym erised  w ith
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methyl m e th a c ry la te . I n f r a - r e d  an a ly ses  on polym ers (D ), (D /5 ), 
(D /6), (D /9a) and (D/9b) f a i l e d  to  in d ic a te  th e  p re sen ce  of 
t -b u ty l  p e r e s te r  in  th e  m odified  polym ers, th e re  being  no 
c h a r a c te r i s t i c  a b so rp tio n  a t  11. 6m *
6.3 . PERESTER SIDE-GROUPS USED FOR GRAFT COPOLYMERISATION
I t  was decided  to  p roceed  d i r e c t ly  to  th e  in v e s t ig a t io n  
of g r a f t  co p o ly m erisa tio n  by th e  polym ers p rep a red  as d e sc rib e d  
above.
In  s e le c t in g  secondary monomers fo r  g r a f t  co p o ly m erisa tio n  
i t  i s  d e s ir a b le  to  avo id  th o se  which undergo e x te n s iv e  spontaneous 
hom opolym erisation under th e  exp erim en ta l c o n d itio n s  employed. 
Furtherm ore, w h ile  some monomers may be so lv e n ts  fo r  th e  p rim ary  
(p e r -e s te r )  polym er, i t  i s  a lso  d e s ir a b le  to  avo id  th e  co m p lica tio n  
of c ro s s - l in k in g , g e la t io n  and in s o lu b i l i t y  which may e a s i ly  a r i s e  
in  bu lk  p o ly m e ris a tio n s ; th e se  d i f f i c u l t i e s  may be avoided by 
using a s u i ta b le  so lv e n t as d i lu e n t .
6 .3 .1 . S e le c tio n  o f secondary monomers fo r  g r a f t  co p o lv m erisa tio n s
As secondary  monomers, m ethyl m e th a c ry la te , m e th a c ry lic  
ac id , v in y l a c e ta te  and s ty re n e  o f f e r  only carbon , hydrogen and 
p o ssib ly  oxygen as a means fo r  e lem en ta l a n a ly s is ,  and th i s  m ight 
be inadequate  fo r  d i f f e r e n t i a t i o n  from th e  prim ary  polym er. M ethyl 
m ethacry late  and s ty re n e  o f f e r  th e  advantage of ch em ica lly  s ta b le  
polymers, b u t th e  l a t t e r  would be le s s  a t t r a c t i v e  from th e
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a n a ly t ic a l  s ta n d p o in t when s ty re n e  i s  a component o f th e  prim ary  
copolym ers, V in y lid en e  c h lo r id e , though v o l a t i l e ,  p ro v id es  a 
halogen fo r  c h a r a c te r i s a t io n ,  w h ile  n itro g eo u s  monomers in c lu d e  
a c r y lo n i t r i l e ,  v in y l  p y r id in e s , N -v in y l 2 -p y ro llid o n e , and m eth­
acrylam ide. I f  c h a r a c te r i s a t io n  i s  to  be o b ta in ed  by p h y s ic a l 
techn iques such as sp ec tro scopy  and p y ro ly s is ,  then  th e  in c lu s io n  
of e a s i ly  d e te c te d  elem ents becomes le s s  im p o rtan t; c h a r a c t e r i s t i c  
ab so rp tio n  s p e c tra  and q u a n t i ta t iv e  d ep o ly m erisa tio n  r e s p e c tiv e ly  
are  th e  a p p ro p r ia te  c r i t e r i a .  S ty rene  and m ethyl m e th a c ry la te , 
as homopolymers, a re  e l i g i b l e  fo r  c o n s id e ra tio n  on bo th  c o u n ts .
6 .3 ,2 . Choice o f S o lven t fo r  G ra f t C opolym erisation
Many o f th e  common o rgan ic  so lv e n ts  such as hydrocarbons, 
c h lo r in a te d  hydrocarbons, e s te r s  and e th e r s  a re  in e f f e c t iv e  fo r  
p a r t i a l  t - b u ty l  p e r e s te r s  o f p o ly (s ty re n e -a l t -m a le ic  a n h y d rid e ). 
Water and a lco h o ls  would r e a c t  w ith  r e s id u a l  anhydride g roups. 
G la c ia l a c e t ic  a c id  and ace to n e  were found u s e f u l ;  th e  form er 
was found to  be u n s u ita b le  fo r  p o ly m e risa tio n  o f th e  secondary 
monomers 2 -v in y l p y r id in e ,  ^ f-v in y j.-2 -p y ro llid o n e , and m ethacrylam ide 
oft account of s a l t  fo rm atio n , in h ib i t io n  of p o ly m e risa tio n , and 
spontaneous i n i t i a t i o n  o f p o ly m e risa tio n  r e s p e c t iv e ly .  Acetone 
is  a n o n -so lv en t fo r  homopolymers of s ty re n e , a c r y l o n i t r i l e ,  
v iny lidene  c h lo r id e  and rae th ac ry lic  a c id , b u t s u i ta b le  fo r  poly  
(methyl m e th a c ry la te ) .
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6 .3 .3 . Spontaneous hom opolym erisation of Secondary monomers
S in ce , in  f r e e - r a d ic a l  p o ly m e risa tio n , i t  i s  d i f f i c u l t  
to  p rev en t spontaneous p o ly m e risa tio n  w ith o u t d e l ib e r a te  in c lu s io n  
of a pheno l- o r am ine-type s t a b i l i s e r ,  p a r t i c u la r ly  in  de-oxygenated 
system s, i t  i s  w ise  to  run c o n tro l  experim ents on th e  monomer/ 
so lv en t m ix tu re  n o t c o n ta in in g  prim ary  p e r e s te r  polym er. F u r th e r ­
more, in  view o f th e  p o s s i b i l i t y  o f g r a f t in g  by c h a in - t r a n s f e r ,  
i t  was deemed a d v isa b le  to  run a d d i t io n a l  c o n tro ls  in c o rp o ra tin g  
the o r ig in a l  p o ly ( s ty re n e -a l t -m a le ic  anhydride) b o th  w ith  and 
w ithout t - b u ty l  hydroperox ide  as i n i t i a t o r ;  th i s  was done in  
the case  o f homogeneous s o lu tio n  g r a f t  c o p o ly m erisa tio n  o f m ethyl 
m e th acry la te .
6 .3 .4 . G ra f t C opo lym erisations
n -B u ty l m e th a c ry la te  was employed in  to lu en e  s o lu t io n  w ith
polymers (D /1) and (D /2) a t  5% by w eight on monomer. C onversions to
so lub le  polym er were 45% and 34% re s p e c t iv e ly ,  compared w ith  an
u n in i t ia te d  c o n tro l  co n v ersio n  o f 5%, b u t a d d i t io n a l  p o ly (n -b u ty l
m eth acry la te ) was a s s o c ia te d  w ith  p a r t i a l l y  u n d isso lv ed  polym ers
(D/1) and (D /2 ). The i n i t i a t i n g  a c t i v i t y  of th e  p e r - e s t e r  polym ers
was thus dem onstra ted , and t h e i r  e f f ic ie n c y  was in  q u a l i t a t iv e
agreement w ith  th e  e s tim a tio n  of t h e i r  t - b u ty l  hydroperox ide  e q u iv a le n ts
195.of 57o and 270 r e s p e c t iv e ly ,  by th e  Nozaki method.
M eth ac ry lic  a c id  was po lym erised  in  w a te r c o n ta in in g  a 
tra c e  of ace tone  to  a id  d is s o lu t io n  o f polym er (D /1 ). The co n v ersio n
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was 30% compared w ith  ze ro  fo r  an u n in i t i a te d  c o n tro l ,  and tk e  
opacity  of th e  f i n a l  p ro d u c t, in  c o n tr a s t  w ith  th e  w a te r - s o lu b i l i ty  
of pure p o ly (m e th a c ry lic  a c id ) was ev idence o f g r a f t  copo lym erisation*
V in y lid en e  c h lo r id e  in  a c e t ic  a c id , r e s u l t in g  in  p r e c i ­
p i ta t io n  o f homopolymer, was used in  fo u r s e r ie s  o f experim ents*
With 5% polymer (D /3) on monomer a t  25° th e  co n v ersion  was only 
0*24%, and w ith  0*5%. d i-b en zo y l p e ro x id e  only 4*47** At 50° and 
w ith a re a c t io n  tim e o f 36 hours polym ers (D /5) and (D /6) gave 7% 
and 47. co n v ersio n  compared w ith  23%> w ith  d i-b en zo y l peroxide* A 
longer re a c t io n  tim e o f 144 hours a t  50° gave no b e t t e r  conversion  
w ith polymer (D /5 ), b u t w ith  (D /8a) and (D /8 f) th e  f ig u re s  were 
20% and 15% re sp e c tiv e ly *  Polymer (G /l)  d id  n o t i n i t i a t e  polym er­
is a t io n  under th e se  co n d itio n s*  W ith th e  r e a c t io n  tim e extended 
to  7 days an u n in i t i a te d  c o n tro l  showed a v e ry  low co n v ers io n , 
and polymer (D) behaved s im i la r ly ;  polymer (D /8af ) gave a co n v ersio n  
of only 7% compared w ith  the  f ig u re  o f 20% fo r  (D /8a) g iven  above; 
both polymers (F) and ( F / l )  r e s u l te d  in  th e  fo rm ation  o f some 
p o ly (v in y lid in e  c h lo r id e ) ,  com parable w ith  th e  c o n tro l ,  b u t no 
conversion was reco rd ed  due to  lo s s  of prim ary  copolymer th rough 
the use of e th e r  to  e f f e c t  c o a g u la tio n  o f th e  p ro d u c t.
A c r y lo n i t r i le  was employed in  fo u r s e r ie s  o f experim ents*
In the  f i r s t  th re e  a c e t ic  a c id  was th e  s o lv e n t , again  r e s u l t in g  in  
p re c ip i ta t io n  o f homopolymer, b u t p o ly m e risa tio n  o ccu rrre d  only  
with d i-b en zo y l p e ro x id e , and n o t w ith  any of th e  p e r e s te r  polym ers.
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Successfu l g r a f t  co p o ly m erisa tio n  was e f fe c te d  by u sing  a "redox" 
in i t i a t i o n  in  aqueous s o lu t io n ,  where a lso  th e  r e s u l ta n t  polymer 
was p re c ip i ta te d .  The system  employed c o n s is te d  o f sodium form­
aldehyde su lp h o x y la te  as reduc ing  a g en t, f e r r i c  iro n  as c a t a ly s t ,  
and th e  m ale ic  anhydride  copolym ers were tak en  in to  aqueous 
so lu tio n  by p a r t i a l  n e u t r a l i s a t io n  w ith  sodium hydrox ide . Polym er­
is a t io n  vi£#s perform ed a t  60° fo r  4 hours w ith  a n itro g e n  atm osphere, 
and re s id u a l  monomer was removed by b o il in g  w ith  w ater* The c o n tro ls  
w ithout i n i t i a t o r  and w ith  polymer (D) gave conv ersio n s  le s s  than  
1% whereas polym ers (D /9a) and (D/9b) gave 187® and 207., p ro v id in g  
c le a r  ev idence o f th e  e f fe c t iv e n e s s  o f th e  polym eric i n i t i a t o r s  in  
the redox system .
M ethyl m e th a c ry la te  was used fo r  g r a f t  co p o ly m erisa tio n  
in  a homogeneous system  employing ace tone  as so lv en t and " th e rm a l"  
in i t i a t i o n .  A ll  p o ly m e risa tio n s  were perform ed a t  50° fo r  50-65 
hours w ith  th e  monomer a t  407, c o n c e n tra tio n . Polymer (D /9a) a t  
57 on monomer r e s u l te d  in  conv ersio n s  of 497 and 587, . w h ile  polymer 
(D/Sb)•a t  2 .57  axxd 57. cn moncmer gave 587 and 677, r e s p e c t iv e ly .  
U n in itia te d  c o n tro ls  gave 17, 48 and 287 co n v ers io n , b u t polym er 
(D) re ta rd e d  p o ly m e ris a tio n , g iv in g  only  137, co n v ersio n . When 
polymer (D) was employed in  c o n ju n c tio n  w ith  th e  p ro p o r tio n  o f 
t-b u ty l hydroperox ide used to  p re p a re  (D /9a) and (D /9b) th e  
conversion o f m ethyl m e th a c ry la te  was 617.
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6 .3 .5 . C onclusion
P a r t i a l  t - b u ty l  p e r e s te r s  of p o ly ( s ty r e n e - a l t -  
maleic anhydride) were found capab le  o f therm al i n i t i a t i o n  
of p o ly m erisa tio n  of m ethyl m e th a c ry la te  in  ace to n e , n -b u ty l  
m ethacry late  in  to lu e n e , v in y lid e n e  c h lo r id e  in  a c e t ic  a c id , 
and m e th acry lic  a c id  in  w a te r . W ith a c r y lo n i t r i l e  in  a c e t ic  
acid  no p o ly m e risa tio n  o ccu rred , b u t redox i n i t i a t i o n  in  an 
aqueous system  was e f f e c t iv e .  Only in  th e  case  o f m e th ac ry lic  
acid  was th e re  obvious ev idence o f g ra f t in g  during  p o ly m e risa tio n .
The system  favoured  fo r  more d e ta i le d  s tudy  in  non- 
aqueous s o lu t io n  was th a t  employing p a r t i a l  t - b u ty l  p e r e s te r s  
of p o ly ( s ty re n e -a l t-m a le ic  anhydride) as p rim ary  polymer w ith  
methyl m e th a c ry la te  as secondary monomer and acetone  as 
so lv en t. In  th e  case  o f p o ly m e risa tio n  in  aqueous s o lu t io n , 
a c r y lo n i t r i l e  was p re fe r re d  as th e  secondary monomer.
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6.4 . ANALYSIS OF. GRAFT COPOLYMERS, AMD CONTROLS.,; .
6.4 .1 . F ra c t io n a tio n
The p ro d u c ts  o f homogeneous s o lu t io n  g r a f t  co p o ly m erisa tio n
with m ethyl m e th a c ry la te  were in h ib i te d  w ith  q u in o l and d i lu te d
with acetone to  a low v is c o s i ty  and a polymer c o n c e n tra tio n  o f
1-3% fo r  f r a c t io n a l  p r e c ip i t a t io n .  D ie th y l e th e r  was found to
be too d r a s t ic  fo r  i n i t i a l  polymer p r e c ip i t a t io n  b u t m ethanol
proved s u i ta b le  in  t h i s  r e s p e c t ;  th e re fo re  th e  p o s s i b i l i t y  of
reac tio n  between m ethanol and r e s id u a l  anhydride groups was
accepted as be in g  o f l i t t l e  consequence a t  t h i s  s ta g e . In  any
event, a t  room tem p era tu re  th e  r e a c t io n  o f a lc o h o ls  w ith  anhydrides
241of th is  type i s  a slow p ro c e ss . E th er was used a t  a l a t e r  s tag e  
in p r e c ip i ta t io n ,  when i t s  e f f e c t  was le s s  pronounced.
Q u a l i ta t iv e  ev idence fo r  g r a f t  co p o ly m erisa tio n  was 
provided by th e  marked d i s t in c t io n  in  behav iour between such 
polymers and p u re  po ly (m ethy l m e th a c ry la te )  during  f r a c t io n a t io n .
The former r e s u l te d  in  s ta b le  d is p e rs io n s  n o t co ag u la ted  by
excess m ethanol o r e th e r .  The p r e c ip i ta te d  f r a c t io n s  were
disso lved  in  ace to n e  to  f a c i l i t a t e  q u a n t i ta t iv e  e s tim a tio n
and handling  fo r  subsequen t a n a ly s is .  An a d d i t io n a l  experim ent
was conducted to  determ ine  th e  e f f e c t  o f u n g ra fte d  prim ary
copolymer on th e  f r a c t io n a l  p r e c ip i t a t io n  of po ly (m ethy l m e th a c ry la te ) .
I t  was found th a t  th e  f r a c t io n a t io n  p rocedu re  e f fe c te d  com plete
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sep a ra tio n , w ith in  th e  i im i ts  o f th e  in f r a - r e d  techn ique  o f 
an a ly sis  employed.
The a c r y l o n i t r i l e  g r a f t  copolymers were f r a c t io n a te d  by 
s e le c tiv e  e lu t io n ,  s in c e  they  were o b ta in ed  in  s o l id  form and n o t 
re a d ily  so lu b le  in  common s o lv e n ts . The f i r s t  and second e x tra c t io n s  
were w ith  b o i l in g  aqueous ace to n e ; th i s  m ix tu re  was known to  be a 
e ffe c t iv e  so lv e n t fo r  polym ers (D ), (D /9a) and (D /9b), b u t n o t a 
solvent fo r  p o ly a c r y lo n i t r i l e .  The e x tr a c ts  were s ta b le  cloudy 
d isp e rs io n s , p ro v id in g  in d ic a t io n  of g r a f t  co p o ly m erisa tio n . Two 
fu rth e r e x tra c t io n s  of each g r a f t  copolymer w ith  b o i l in g  t e t r a -  
hydrofuran were combined, and th e  s o lu t io n  was c le a r .  F in a l  
e x tra c tio n  w ith  dim ethylform am ide, known to  be a so lv e n t fo r  
p o ly a c r y lo n i t r i le ,  r e s u l te d  in  com plete d is s o lu t io n  o f th e  
remaining g r a f t  cdpo ly tsers, w ith  th e  ex cep tio n  o f a few g e la tin u o u s  
(c ro ss lin k ed ) p a r t i c l e s ;  th e  polym er was n o t p r e c ip i ta te d  from 
such s o lu tio n s  by th e  a d d itio n  o f excess n o n -so lv e n ts . Thus from 
each g r a f t  copolymer was o b ta in ed  fo u r f r a c t io n s ,  the  l a s t  f r a c t io n s  
rep resen tin g  th e  bu lk  of th e  o r ig in a l  sam ples.
6 .4 .2 . C h a ra c te r is a t io n
The c h a r a c te r i s a t io n  of polymer f r a c t io n s ,  l ik e  th e  
methods o f s e p a ra t io n , must be designed  to  d i f f e r e n t i a t e  between 
ungrafted p rim ary  polym er, g r a f t  copolym er, and u n g ra fte d  homo­
polymer r e s u l t in g  from th e  secondary monomer.
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Q u a n ti ta t iv e  e lem en ta l a n a ly s is  i s  most a p p ro p r ia te  
to  systems in  which one monomer c o n ta in s  an elem ent o th e r than  
carbon, hydrogen and oxygen, a lthough  i f  one o f th e  monomers 
con tains carbon and hydrogen on ly , s ty re n e  fo r  example, then  
d ire c t  e s tim a tio n  o f oxygen may be u s e fu l .  C h lo rin e  c o n te n ts  
were o b ta ined  on v in y lid e n e  c h lo r id e  homopolymer ( c a lc .  73.14%, C l, 
found 73.28% Cl) and g r a f t  copolym ers, a lthough  th e se  were n o t 
f r a c tio n a te d . VDC5 (found 43.48%, C l) d e riv ed  from polymer (D/5) 
contained 59.3% v in y lid e n e  c h lo r id e ,  compared w ith  a f ig u re  
of 59.4% c a lc u la te d  from th e  y ie ld  of g r a f t  copolymer and th e  
weight of prim ary  p e r e s te r  polym er. VDC6 (found 34.46%, Cl) 
derived from polym er (D /6) co n ta in ed  47.0% v in y lid e n e  c h lo r id e  
(ca lc . 43.9%o from y ie ld ) .
I n f r a - r e d  sp ec tro sco p y  i s  cap ab le  o f dem onstrating  
the p resence  o f v a r io u s  groupings of a to n s  in  a sim ple m olecule 
or in  a m acrom olecule, p rov ided  th e  c h a r a c t e r i s t i c  a b s o r p t iv i ty  
and th e  c o n c e n tra tio n  of th e  grouping  a re  h igh  enough. S ty rene  
u n its  in  a copolymer can be i d e n t i f i e d  by v i r t u e  o f th e  ab so rp tio n s  
due to  th e  benzene n u c leu s . Many of th e se  a b so rp tio n s  a re  
r e la t iv e ly  weak compared w ith  th e  ab so rp tio n  a r i s in g  from 
e s te r  groups. F or th e  purpose of q u a n t i ta t iv e  e s tim a tio n  an 
instrum ent of h ig h  re so lv in g  power i s  n e c e ssa ry . The in s tru m en t 
a v a ilab le  fo r  th e  work a s s o c ia te d  w ith  t h i s  programme was s u i ta b le  
for q u a l i t a t iv e  and s e m i-q u a n t i ta t iv e  a n a ly s is  on ly . Both f ilm
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and so lu tio n  tech n iq u es  a re  a p p lic a b le  in  th eo ry , b u t th e  l a t t e r  
req u ires  a so lv e n t which i s  r e l a t i v e ly  non-absorb ing  in  th e  
regions of i n t e r e s t ,  and such a so lv e n t i s  d i f f i c u l t  to  f in d  
fo r the polym ers in  q u e s tio n .
The in f r a - r e d  s p e c tra  ob ta in ed  dem onstrate  th e  
q u a l i ta t iv e  d if fe re n c e s  between p o ly ( s ty re n e -a l t -m a le ic  an h y d rid e ), 
p o ly a c r y lo n i t r i le ,  po ly (m ethy l m e th a c ry la te )  and g r a f t  copolymers 
with vary ing  s ty re n e  c o n te n ts . The s tro n g  arom atic  r in g  ab so rp tio n  
a t 14(-i fo r  s ty re n e  proved u s e fu l  fo r  q u a l i t a t iv e  a n a ly s is  s in ce  
p o ly a c r y lo n i t r i le  and po ly (m ethy l m e th a c ry la te )  bo th  have low 
absorp tion  in  t h i s  re g io n . The sh*rp cyan ide ab so rp tio n  peak 
a t 4.45fi fo r  a c r y l o n i t r i l e  proved u s e fu l  fo r  in d ic a t in g  th e  
presence o f t h i s  monomer u n i t  i a  polym ers p a r t i c u l a r ly  as 
n e ith e r  p o ly ( s ty re n e -a l t -m a le ic  anhydride) nor i t s  p a r t i a l  
p e re s te rs  shows a p p re c ia b le  a b so rp tio n  a t  t h i s  w avelength .
S p ec tra  12-22 r e l a t e  tb  a c r y lo n i t r i l e  homopolymers 
and g r a f t  copolym ers. A ll th e  f r a c t io n s  from AN14, th e  g r a f t  
copolymer d e riv ed  from polym er (D /9 a), showed evidence of s ty re n e ; 
AN14/1 (15% of t o t a l  f r a c t io n s )  co n ta in ed  l i t t l e  a c r y lo n i t r i l e  
(Spectrum 15), AN14/2 (5.5% of t o t a l  f r a c t io n s )  more a c r y l o n i t r i l e  
(Spectrum 16), AN14/4 (3% of t o t a l  f r a c t io n s )  no a c r y lo n i t r i l e  
(Spectrum 17), and AN 14/5 (76.5%, of t o t a l  f r a c t io n s )  much 
a c r y lo n i t r i le  (Spectrum  18). S im ila r ly , a l l  .the  f r a c t io n s  
from AN15, th e  g r a f t  copolymer d e riv ed  from polymer (D /9b),
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showed evidence of s ty re n e ; AN15/1 (22% of t o t a l  f r a c t io n s )  and 
AN15/2 (8% o f  t o t a l  f r a c t io n s )  bo th  co n ta in ed  a m oderate amount 
of a c r y lo n i t r i l e  (S p e c tra  19 and 2 0 ), com parable w ith  AN14/2;
AN15/4 (4% of t o t a l  f r a c t io n s )  co n ta in ed  no a c r y lo n i t r i l e  
(Spectrum 2 1 ), and AN15/5 (66% of t o t a l  f r a c t io n s )  much 
a c r y lo n i t r i l e  (Spectrum  2 2 ), com parable w ith  AN14/5. T here­
fo re , n o t only d id  polym er (D/9b) r e s u l t  in  a s l ig h t ly  h ig h e r 
conversion than  polym er (D /9 a), as would be expected  from th e  
longer p e rio d  of p e r e s t e r i f i c a t i o n ,  b u t th e  f i r s t  two f r a c t io n s  
of each a c r y l o n i t r i l e  g r a f t  copolymer showed a h ig h e r a c r y l o n i t r i l e  
con ten t and la rg e r  aqueous-acetone  so lu b le  co n ten t r e s u l t in g  
from polymer (D /9b). I t  i s  of i n t e r e s t  th a t  th e  sm all f r a c t io n s  
e x tra c te d  by te tra h y d ro fu ra n  from bo th  g r a f t  copolymers showed 
no evidence of a c r y l o n i t r i l e .  Of even g re a te r  i n t e r e s t  i s  th e  
observation  th a t  th e re  i s  no ev idence of hom opolym erisation of 
a c r y lo n i t r i l e  s im u ltan eo u sly  w ith  g r a f t  co p o ly m erisa tio n ; th i s  
is  a fe a tu re  o f th e  redox mechanism of i n i t i a t i o n ,  and i s  com parable 
to  the  f in d in g s  of M orris and S e k h a r ^ ^ i n  g r a f t in g  m ethyl 
m ethacry la te  on to  n a tu r a l  ru b b er.
S p ec tra  25-65 r e l a t e  to  f r a c t io n s  from m ethyl m e th a c ry la te  
homopolymers and g r a f t  copolym ers, w h ile  s p e c tra  66 and 67 a re  
fo r m ix tu res o f 10% and 2.5% polym er (D) w ith  m ethyl m e th a c ry la te  
homopolymer to  dem onstra te  th a t  th e  lower le v e l  of s ty re n e  copolymer 
may be d e te c te d  by in f r a - r e d  sp ec tro sco p y . The f r a c t io n a t io n  of
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MMA10, th e  m ix tu re  of po ly (m ethy l m e th a c ry la te )  w ith  polymer 
(D/9b), gave f iv e  f r a c t io n s  in  which no s ty re n e  cou ld  be 
detec ted  (S p e c tra  60-64) and a l a s t  f r a c t io n  c o n ta in in g  
sty rene  (Spectrum  6 5 ), thus showing th e  e f fe c t iv e n e s s  of 
the f r a c t io n a t io n  p rocedu re  in  s e p a ra tin g  th e se  polymer sp e c ie s . 
As expected , none o f th e  f r a c t io n s  from th e  c o n tro l  homopolymer­
is a t io n s  MMA1 and MMA4,. gave any evidence o f s ty re n e  (S p ec tra  
25-28 and 38-40) and i t  i s  assumed th a t  such f r a c t io n a t io n  as 
occurred was w ith  re s p e c t to  m o lecu lar w eight d i s t r ib u t io n .
The g r a f t  copolym ers MMA2 and MMA3 d e riv ed  from polymer 
(D/9a) y ie ld e d  f r a c t io n s  in  which no s ty re n e  cou ld  be d e te c te d  
(Spectra  29, 30, 34, 35) and o th e rs  in  which s ty re n e  was 
p resen t (S p ec tra  31, 32, 33, 36, 3 7 ); on th e  assum ption th a t  
the former re p re se n t m ethyl m e th a c ry la te  homopolymer and th e  
l a t t e r  g r a f t  copolym er, i t  has been c a lc u la te d  th a t  th e  mean 
content of m ethyl m e th a c ry la te  in  th e  g r a f t  copolymer f r a c t io n s  
was 857o fo r  MMA2 and 66% fo r  MMA3. Twice as much polym er (D /9a) 
was used fo r  MMA3 as fo r  MMA2. More hom opolym erisation of m ethyl 
m ethacry late  occu rred  in  th e se  g r a f t  co p o ly m erisa tio n s  than  in  
the c o n tro l MMA1, and th e  r a t i o  of g r a f t  co p o ly m erisa tio n  to  
hom opolym erisation, o r th e  g r a f t in g  e f f ic ie n c y ,  was 0 .7 2  fo r  
MMA2 and 0 .7 8  fo r  MMA3.
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On h e a tin g  in  an i n e r t  atm osphere some polym ers y ie ld
the p a re n t monomer. T h is behav iou r i s  p a r t i c u la r ly  a s s o c ia te d
243
with the  polym ers of th e  m e th a c ry lic  e s t e r s .  M ethyl meth­
ac ry la te  can be reco v ered  in  f a i r  y ie ld  from scrap  ’’P erspex” , 
and th i s  p ro cess  i s  used com m ercially to  produce cheap low -grade 
monomer c o n ta in in g  some im p u r i t ie s .  Q u a n ti ta t iv e  d ep o ly m erisa tio n  
is  d i f f i c u l t  to  ach iev e  owing to  in te r a c t io n s  between v o l a t i l e  
products and f r e e - r a d ic a l s  as they  m ig ra te  through th e  h o t ,  s o f t  
o r  molten polym er. However, on th e  a n a ly t ic a l  s c a le ,  and p a r t i ­
c u la r ly  in  co n ju n c tio n  w ith  gas chrom atography, i t  has been
244dem onstrated by Jones and Moyles th a t  under s t r i c t l y  d e fin ed
cond itions i t  i s  p o s s ib le  to  o b ta in  q u a n t i ta t iv e  recovery  of
methyl m e th a c ry la te  from th e  homopolymer. F u rtherm ore , on th e
microgram s c a le  p o ly s ty re n e  and p o ly (a -m e th y l s ty re n e )  a ls o
yielded  monomer q u a n t i ta t iv e ly ,  though on th e  m illig ram  sc a le
recovery i s  only o f th e  o rd e r o f 80%.
Q u a n ti ta t iv e  monomer y ie ld  can only be expected  on
those polymers which undergo d ep o ly m erisa tio n  by th e  s o -c a l le d
245’’unzipping” mechanism • T his a p p lie s  to  homopolymers of 
styrene and m ethyl m e th a c ry la te , b u t n o t to  v in y l  e s t e r  and 
ac ry lic  e s te r  polym ers. I t  has been shown th a t  copolym ers o f  
the de-po lym erising  ty p es  w i l l  y ie ld  th e  s e p a ra te  monomers 
q u a n ti ta t iv e ly , e .g .  p o ly (s ty i:en e -co -m e th y l m e th a c ry la te )  and
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246p oly ( s ty  r  ene-co-oc-me thy 1 -s ty re n e ) .  Where monomers o f de-
polym erising and non-p c ly m eris in g  types a re  copolym erised i t  
is  to  be expected  th a t  th e  unzipp ing  re a c t io n  w i l l  be in te r ru p te d  
and the  monomer y ie ld  would be n o n -q u a n ti ta t iv e  even fo r  th e  
de-polym erising component.
Thus p o ly ( s ty re n e -a l t -m a le ic  anhydride) does n o t y ie ld  
styrene q u a n t i t a t iv e ly ,  so th i s  techn ique  cannot be employed to  
determine d i r e c t ly  th e  s ty re n e  c o n ten t o f f r a c t io n s  o f g r a f t  
copolymer. However, th e  g r a f t  copolym erised m ethyl m e th a c ry la te , 
having no in te r r u p t in g  u n i t s  in  th e  c h a in , should  y ie ld  monomer 
q u a n ti ta t iv e ly .
P y ro ly s is  dem onstrated  q u a l i t a t iv e ly  th e  p re sen ce  of 
styrene a lso  in  polym er (D /9 a), b u t n o t in  th e  g r a f t  copolymer 
frac tio n s  MMA3/1 and MMA3/2 n o r, o f c o u rse , in  th e  c o n tro l  m ethyl 
m ethacry late  homopolymer f r a c t io n  MMA1/1. However, th e  g r a f t  
copolymer f r a c t io n s  MMA3/3 and MMA3/4 c le a r ly  show s ty re n e  as a 
product of p y ro ly s is ,  in  agreem ent w ith  th e  in fe re n c e s  o f i n f r a ­
red a n a ly s is . M ethyl m e th a c ry la te  i s  d e riv ed  from MMA1/1 and a l l  
the f ra c t io n s  o f MMA3, b u t n o t from polym ers (D) and (D /9a).
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6 .4 .3 . C onclusion
Evidence o f g r a f t in g  in  th e  p o ly m e risa tio n  of a c r y l o n i t r i l e  
by 1 redox ' i n i t i a t i o n  in  aqueous s o lu t io n  and o f m ethyl m e th a c ry la te  
by 'therm al*  i n i t i a t i o n  in  acetone  s o lu t io n , u s in g  p a r t i a l  p e r-  
e s te rs  o f p o ly ( s ty re n e -a l t -m a le ic  anhydride) i s  p rov ided  by th e  
s o lu b i l i ty  c h a r a c t e r i s t i c s  o f th e  p ro d u c ts  and by exam ination  of 
f ra c tio n s , u s in g  in f r a - r e d  sp ec tro scopy  and p y ro ly s is .  F ra c t io n a t io n  
has been o b ta in ed  by p r e c ip i t a t io n  in  th e  case  o f m ethyl m e th a c ry la te  
and by e lu t io n  fo r  a c r y l o n i t r i l e  polym ers.
6.5. SUMMARY AMP CONCLUSIONS
Copolymers o f m ethyl m e th a c ry la te  w ith  s ty re n e  were
read ily  p rep ared  in  to lu e n e  s o lu t io n ,  th e  r e l a t i v e  r e a c t i v i t i e s
of these  monomers be in g  fav o u rab le  to  random co p o ly m erisa tio n .
However, i t  was found th a t  th e  e s t e r  s id e -g ro u p s  o f th e se
copolymers would n o t r e a c t  w ith  th e  G rignard  compounds phenyl
magnesium brom ide, e th y l  magnesium brom ide, o r m ethyl magnesium
iodide; th i s  beh av io u r i s  com parable w ith  th e  r e s is ta n c e  to
hydro lysis  of p o ly (m ethy l m e th a c ry la te )  and in  agreem ent w ith
233the ob serv a tio n s  of M arvel and H orning. In  consequence, 
attem pts to  produce t e r t i a r y  a lc o h o l s id e -g ro u p s  fo r  co n v ersio n  
to hydroperoxide groups were u n su c c e ss fu l.
The a l t e r n a t in g  copolymer o f m ale ic  anhydride w ith  
styrene was p rep a red  from benzene s o lu t io n ,  b u t copolym ers o f
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other m olar r a t i o s  cou ld  n o t be produced. Copolymers o f m ale ic  
anhydride w ith  m ethyl m e th a c ry la te , in c o rp o ra tin g  m inor p ro p o r tio n s  
of the anhydride , were p rep ared  in  to lu en e  s o lu tio n . The a l t e r n a t in g  
copolymer o f m ale ic  anhydride w ith  m ethyl v in y l  e th e r  was o b ta in ed  
from a commercial so u rce . The average com position  of th e  p rep ared  
copolymers was e s ta b lis h e d  by e lem en ta l a n a ly s is ,  or e le c tro m e tr ic  
t i t r a t i o n .
P a r t i a l  p e r e s te r s  of th e  m ale ic  anhydride copolym ers were 
obtained by re a c t io n  w ith  t - b u ty l  hydroperox ide in  the  p re sen ce  of 
py rid ine  as c a t a ly s t .  E s tim a tio n  of p e r e s te r  c o n ten t io d o m e tr ic a lly  
was f r u s t r a te d  by th e  s o lu b i l i t y  c h a r a c te r i s t i c s  of th e  polym ers, 
but e le c tro m e tr ic  t i t r a t i o n  proved more u s e fu l  in  th e  case  of 
d e riv a tiv e s  of p o ly ( s ty re n e -a l t -m a le ic  a n h y d rid e ), a lthough  th e  
q u a n t i t iv i ty  of th e  method was in  doubt.
I n f r a - r e d  sp ec tro scopy  was used to  s tudy  p o ly (s try e n e -  
a lt-m a le ic  anhydride) and i t s  d e r iv a t iv e s ,  b u t th e  c h a r a c te r i s t i c  
absorp tions due to  p e r e s te r  groups cou ld  n o t be d e te c te d  in  any 
of the  polym ers, presum ably due to  a low c o n c e n tra tio n  o f such 
groups, and t h e i r  r e l a t i v e l y  weak a b s o r p t iv i ty .
The p a r t i a l  p e r - e s t e r s  o f p o ly (s ty re n e -a l t -m a le ic  
anhydride) were so lu b le  in  c e r ta in  non-aqueous s o lv e n ts , and 
when p a r t i a l l y  n e u t r a l i s e d  w ith  a l k a l i  were so lu b le  in  w a te r .
Various specimens were used to  i n i t i a t e  th e  p o ly m e risa tio n  of 
n -bu ty l m e th a c ry la te , m e th a c ry lic  a c id , v in y lid e n e  c h lo r id e , 
a c r y lo n i t r i le ,a n d  methyL m e th a c ry la te . The e f f e c t  o f polym eric
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i n i t i a t o r  c o n c e n tra tio n  was examined on a l im ite d  s c a ie , and so 
a lso  th a t  of th e  e x te n t of p e r e s t e r i f i e a t i o n .  C on tro l experim ents 
were in c luded  to  determ ine th e  behav iour of th e  secondary monomers 
with re sp e c t to  spontaneous hom opolym erisation and g ra f t in g  by 
t ra n s fe r  to  n o n - in i t i a t in g  p rim ary  polym er. Both 'therm al*  and 
'redox ' methods of i n i t i a t i o n  of p o ly m e risa tio n  were employed, 
in  non-aqueous and aqueous system s r e s p e c t iv e ly .
G ra f t copolym ers of a c r y l o n i t r i l e  and m ethyl m e th a c ry la te  
on to  p a r t i a l  p e r e s te r s  o f p o ly ( s ty re n e -a l t -m a le ic  anhydride) 
were examined in  g r e a te r  d e t a i l  by f r a c t io n a t io n  and p h y s ic a l  
analysis  of th e  f r a c t io n s .  In  th e  case  of a c r y l o n i t r i l e  g r a f t  
copolymers th e  s e le c t iv e  e lu t io n  tech n iq u e  was employed, w h ile  
f ra c t io n a l  p r e c ip i t a t io n  was used fo r  th e  m ethyl m e th a c ry la te  
copolymers. During such p rocedures th e  s o lu b i l i ty  c h a r a c te r i s t i c s  
of c e r ta in  f r a c t io n s  p ro v id ed  q u a l i t a t iv e  ev idence o f g r a f t in g .
For the m ethyl m e th a c ry la te  g r a f t  copolym ers th e  e f f ic ie n c y  of 
the f r a c t io n a t io n  p ro ced u re  was dem onstrated  w ith  a m ix tu re  of 
poly(m ethyl m e th a c ry la te )  .and a p a r t i a l  t - b u ty l  p e r e s te r  of 
p o ly (s ty re n e -a lt-m a le ic  an h y d rid e ).
C h a ra c te r is a t io n  of th e  polym er f r a c t io n s  was ob ta in ed  
by q u a l i ta t iv e  in f r a - r e d  a n a ly s is  fo r  a c r y l o n i t r i l e  u n i ts  a t  4 .4 5|i 
and s ty ren e  u n i ts  a t  1 4 Wi t h th e  m ethyl m e th a c ry la te  g r a f t  
copolymers th e  tech n iq u e  was ren dered  s e m i-q u a n t i ta t iv e  by 
e s ta b lish in g  th e  approxim ate l im i t  o f d e te c tio n  of s ty re n e  u n i ts  
in a m ixture o f p o ly (m ethy l m e th a c ry la te )  w ith  p o ly ( s ty r e n e - a l t -
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maleic anhydride) as e q u iv a le n t to  2.5% of th e  l a t t e r  polym er. 
P y ro ly sis  in  co n ju n c tio n  w ith  g a s - l iq u id  chrom atography was 
also  used to  dem onstrate  th e  p resence  of m ethyl m e th a c ry la te  in  
g ra f t copolymer f r a c t io n s .
A c r y lo n i t r i l e ,  po lym erised  in  aqueous s o lu t io n  by a 
'redox* mechanism, r e s u l te d  in  g r a f t  copolymer fo rm atio n , b u t no 
homopolymer was d e te c te d . T his i s  com parable w ith  th e  g ra f t in g  
by redox i n i t i a t i o n  of m ethyl m e th a c ry la te  on to  n a tu r a l  ru b b er, 
in  which case  no homopolymer was formed. ^ * > ^ 7  ma^n gr a f t
copolymer f r a c t io n s  were so lu b le  in  a so lv e n t m ix tu re  known to  be 
in e f fe c t iv e  fo r  p o ly a c r y lo n i t r i l e .  The t o t a l  co n v ersion  and th e  
y ie ld  of th e  more re a d i ly  so lu b le  g r a f t  f r a c t io n s  were bo th  found 
to  correspond to  th e  degree of p e r e s t e r i f i e a t i o n  of th e  i n i t i a t i n g  
polymer.
M ethyl m e th a c ry la te , po lym erised  in  acetone  s o lu t io n  
by 'therm al*  i n i t i a t i o n ,  gave homopolymer a s ’w e ll as g r a f t  
copolymer. The g ra f t in g  e f f ic ie n c y  ranged from 0 .72  to  1 .35 , 
according to  th e  degree o f p e r e s t e r i f i e a t i o n  and th e  polym eric 
in it ia to r : . .c o n c e n tra tio n , as deduced from th e  r e s u l t s  of i n f r a ­
red a n a ly s is .
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7. EXPERIMENTAL
7.1. PREPARATION OF COPOLYMERS FOR GRIGNARD REACTIONS
7 .1 .1. S ty rene/M ethy l m e th a c ry la te  4 /1  m olar Copolymer (A)
S ty ren e  monomer, su p p lied  by Monsanto L td . ,  and 
con tain ing  t e r t - b u t y l  c a te c h o l as p o ly m e risa tio n  in h ib i to r  was wasfagdt 
washed th re e  tim es w ith  a f i f t h  o f i t s  volume o f N. aqueous sodium 
hydroxide; on ly  th e  f i r s t  wash was broxm, b u t th e  monomer tu rn e d  
yellow. Three f u r th e r  washes w ith  N. su lp h u ric  a c id  and th en  th re e  
washes w ith  d i s t i l l e d  w a te r  d id  n o t remove th e  c o lo u r . The monomer, 
was d rie d  w ith  anhydrous calc ium  c h lo r id e  and d i s t i l l e d  under reduced  
p ressu re , g iv in g  a c o lo u r le s s  d i s t i l l a t e .  The f r a c t io n  d i s t i l l i n g  
a t 48° /23  mm. was c o l le c te d  and s to re d  a t  -20° •
M ethyl m e th a c ry la te , su p p lie d  by Im p e ria l Chemical 
In d u s tr ie s  L td . ,  and c o n ta in in g  q u in o l as p o ly m e risa tio n  i n h ib i to r ,  
was washed th re e  tim es w ith  N. aqueous sodium hydrox ide ; th e  f i r s t  
wash only was brown. The monomer was washed th re e  tim es w ith  d is ­
t i l l e d  w a te r , d r ie d  w ith  anhydrous calc ium  c h lo r id e , and d i s t i l l e d  
a t atm ospheric p re s s u re . The f r a c t io n  d i s t i l l i n g  a t  100-101° was 
c o lle c te d  and s to re d  a t  -20° •
Toluene o f a n a ly t ic a l  re a g en t q u a l i ty ,  su p p lie d ,b y  
Petrochem icals L td . ,  was d r ie d  w ith  anhydrous calcium  c h lo r id e  and 
d i s t i l l e d  a t  a tm o sp h e ric '.p re ssu re . The f r a c t io n  d i s t i l l i n g  110-111° 
was c o lle c te d  and s to re d  fo r  u se .
* 108 -
S ty ren e  (8 3 .2  g . = 0 .8  M), m ethyl m e th ac ry la te  
(20.0 g. = 0 . 2  M) and to lu e n e  (103.2  g .)  were p laced  in  a dry  f la s k  
of 1 l i t r e  c a p a c ity  w ith  th re e  necks and f i t t e d  w ith  r e f lu x  condenser, 
thermometer, and m echanical s t i r r e r  (g la s s  s t i r r e r  th rough m ercury 
s e a l) .  Dry d i-b en zo y l p e ro x id e  (1 .0 3  g .)  su p p lied  by L ap o rte  L td . ,  
and of about 98% p u r i t y ,  was added, w ith  s t i r r i n g ,  and ra p id ly  
d isso lved . The f la s k  was .heated by w a te r -b a th , and p o ly m e risa tio n  
was e f fe c te d  by m a in ta in in g  th e  w a ter a t  b o il in g  fo r  160 m in u tes , 
during which tim e th e  c o n te n ts  o f  th e  f la s k  in c re a se d  in  v i s c o s i ty  
and the  in t e r n a l  tem p era tu re  ro se  spon taneously  to  a maximum of 105° 
and f e l l  f i n a l ly  to  97° . A sample o f th e  coo led  p roduct when d r ie d  
to  co n stan t w eigh t a t  120° gave a s o l id s  co n ten t o f 32.07. co rre sp o n ­
ding to  64.07. co n v ers io n .
The to lu e n e  s o lu t io n  (195 g .)  was added slow ly , w ith  
rap id  s t i r r i n g ,  to  com m erical m ethanol (1950 m l.)  and th e  r e s u l t in g  
white p r e c ip i t a t e  was washed tw ice  w ith  f re s h  m ethanol (450 m l.)  by 
decanting, f i l t e r e d  on a Buchner fu n n e l, washed w ith  su ccess iv e  
p o rtio n s  o f m ethanol (500 m l., in  a l l ) ,  th en  w ith  a b so lu te  a lco h o l 
(997. e th a n o l, 250 m l . ) ,  d ra in e d  th o ro u g h ly , and d r ie d  a t  50°. fo r  
th ree  days. The s in te r e d  p ro d u c t was powdered w ith  p e s t l e  and m o rta r.
7 .1 .2 . S ty rene/M ethy l m e th a c ry la te  5 /2  m olar Copolymer (B)
S ty ren e  (6 5 .0  g. = 0.625 M), m ethyl m e th a c ry la te  
(25.0 g. = 0 .25  M), to lu e n e  (9 0 .0  g .)  and d i-b en zo y l p e ro x id e  (0 .9 0  g .)  
were h eated  as d e sc r ib e d  above fo r  150 m inutes in  a b o i l in g  w a te r -b a th .
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The in te r n a l  tem p era tu re  ro se  spon taneously  to  a maximum o f 104° 
and f e l l  again  to  98° • The c l e a r ,  c o lo u r le s s ,  s l i g h t ly  v isco u s  
product had a s o l id s  c o n te n t o f 33.8% co rrespond ing  to  67.6% 
conversion.
The s o lu t io n  (172 g .)  was added slow ly , w ith  ra p id  
s t i r r i n g ,  to  m ethanol (1750 m l.)  and th e  r e s u l t in g  w h ite  p r e c ip i t a t e  
was washed w ith  m ethanol (250 m l.)  and e th an o l (350 m l.)  f i l t e r e d ,  
d ried , and powdered as b e fo re . The y ie ld  was 57 g.
7 .1 .3 . S ty rene/M ethy l v in y l  ke tone  5 /2  m olar Copolymer (C)
M ethyl v in y l  ke tone  (857. aqueous a z e o tro p e ) , su p p lied  
by L ight & C o ., was t r e a te d  w ith  anhydrous sodium su lp h a te  and d i s ­
t i l l e d  a t  reduced  p re s s u re . The f r a c t io n  d i s t i l l i n g  a t  45 .5  -  55 .5° /  
200 mm. was c o l le c te d .
S ty ren e  (14 .04  g . = 0 .1 4  M), m ethyl v in y l  ke tone  
(3.78 g. s= 0 .056  M) and benzene (15 ml. a n a ly t ic a l  re ag en t g rad e , 
dried w ith  calc ium  c h lo r id e )  gave a cloudy s o lu tio n  due to  w a ter 
not removed from th e  m ethyl v in y l  ke tone  a z e s tro p e . The a d d itio n  
of ab so lu te  a lc o h o l (997. e th a n o l, 5 m l.)  rendered  th e  s o lu tio n  c lea r*  
Polym erisation  was e f fe c te d  by d i-b en zo y l p e rox ide  (0 .1 8  g .)  and 
reflux ing  a t  73 -  74° fo r  5 .5  h o u rs . The p roduct was c le a r  a t  
30° but cloudy a t  25° and had a s o l id s  co n ten t o f 38.0%. c o rre sp ­
onding to  about 72% co n v ers io n . W ater was removed, to g e th e r  w ith  
ethanol and r e s id u a l  m ethyl v in y l  k e to n e , by d i s t i l l a t i o n  a f t e r  
d ilu tin g  w ith  A.R. benzene (40 m l .) .  The d i s t i l l a t e  to ta l le d ';4 3  ml.
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and the  p ro d u c t was f u r th e r  d i lu te d  w ith  A.R, benzene (40 m l,)
The s o lu t io n  was added slow ly , w ith  ra p id  s t i r r i n g ,  
to l ig h t  pe tro leum , b o il in g  range 40 -  60° (400 m l ,) .  The s t ic k y
p re c ip i ta te d  polymer was washed w ith  l ig h t  pe tro leum  (100 m l.)  
by decan ting  and re d is so lv e d  in  benzene (100 m l .) .  The polymer was
re p re c ip ita te d  w ith  l ig h t  pe tro leum  (550 m l.)  d r ie d  a t  50° fo r  3
d ays,in  a vacuum oven a t  80° fo r  3 h o u rs , powdered, and r e d r ie d  in  
a vacuum oven fo r  1 h o u r. The p ro d u c t was a w h ite  and b r i t t l e  
powder; y ie ld  10.5 g.
7.2. PREPARATION OF GRIGNARD COMPOUNDS
7.2 .1 . Phenyl magnesium bromide
A th ree -n eck ed  250 m l. Q u ic k f it  f la s k ,  r e f lu x  condenser, 
dropping fu nnel and g la s s  s t i r r e r  w ith  m ercury s e a l  cup were baked 
a t 120° fo r  1 h ou r. The a p p ara tu s  was assem bled w ith  d ry ing  tu b e s , 
and when co o l dry  magnesium tu rn in g s  (1 .88  g .)  and sod ium -dried  
d ie th y l e th e r  o f a n a ly t ic a l  re a g en t q u a l i ty  (12 m l.)  were p laced  
in the  f la s k .  A s o lu t io n  o f f r e s h ly  d i s t i l l e d  (b .p . 155-157° ) 
bromobenzene (1 1 .8  g .)  in  dry e th e r  (35 m l.)  was added dropw ise from
the funnel. R eac tio n  was commenced by c a ta ly s in g  w ith  a sm all
c ry s ta l  o f io d in e  and warming g e n tly  w ith o u t s t i r r i n g .  The r a te  
of a d d itio n  o f bromobenzene was a d ju s te d  to  c o n tro l  th e  exotherm ic 
reactio n  a t  g e n tle  r e f lu x ,  and when a d d itio n  was com plete th e  r e a c tio n  
was allow ed to  su b s id e .
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7 .2 .2 . M ethyl magnesium io d id e
The p rocedu re  was e x a c tly  as fo r  phenyl magnesium 
bromide excep t th a t  m ethyl io d id e  (10 .7  g .)  f re sh  from a p h ia l  as 
supplied was used in s te a d  o f bromobenzene.
7 .2 .3 . E thy l mannesium bromide
The p rocedu re  was e x a c tly  as fo r  phenyl magnesium 
bromide excep t th a t  f r e s h  e th y l bromide (8 .4  g .)  was used in s te a d  
of bromobenzene.
7.3. REACTION OF COPOLYMERS WITH GRIGNARD COMPOUNDS
7.3 .1 . S ty rene/M ethy l m e th a c ry la te  copolymer (A) w ith  phenyl 
magnesium bromide = (A/1)
The copolym er (1 5 .0  g .)  d id  n o t d is so lv e ^  com pletely  
in dry e th e r  (60 m l.)  b u t th e  a d d itio n  o f r e d i s t i l l e d  to lu e n e  (15 m l.)  
produced a c le a r  s o lu t io n .  T his s o lu tio n  was added dropw ise, w ith  
vigorous s t i r r i n g ,  to  phenyl magnesium bromide in  e th e r  (se e  s e c tio n
7 .2 .1 .)  u sing  th e  same a p p ara tu s  as employed fo r  th e  p re p a ra t io n  o f 
the G rignard compound, b u t m a in ta in in g  g e n tle  re f lu x  by a warm w a te r 
bath. As each drop o f polym er s o lu tio n  e n te red  th e  l iq u id  in  th e  f la s k  
a w hite cloud  was produced and t h i s  r e s u l te d  in  a cloudy d is p e rs io n  
which co ag u la ted  to  a lump tow ards th e  end of a d d it io n . When a l l
the copolymer had been added s t i r r i n g  was co n tin ed  fo r  15 m in u tes ; 
then the  c o n te n ts  o f th e  f la s k  were poured on to  a m ix tu re  o f 3N. 
sulphuric a c id  (45 m l.)  and ic e  (75 g .)  to  decompose any G rignard
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complex formed.
The s o lv e n ts  were allow ed to  evap o ra te  and th e  p u t ty ­
lik e  mass was re f lu x e d  w ith  e th e r  (50 m l,)  fo r  1 hou r. The co n sid ­
erab le  re s id u e  was d is so lv e d  in  reag en t grade benzene (50 m l.)  and 
th is  s o lu tio n  was combined w ith  th e  cloudy e th e r  e x t r a c t .  The 
m ixture was washed w ith  N. su lp h u ric  a c id  to  remove magnesium 
hydroxide, d r ie d  w ith  anhydrous sodium su lp h a te , and f i l t e r e d .
The polym er was p r e c ip i ta te d  by adding th e  s o lu tio n  to  
abso lu te  a lc o h o l (700 m l.)  w ith  v igo rous s t i r r i n g .  The p r e c ip i t a t e  
was c o l le c te d  by f i l t r a t i o n ,  washed w ith  e th a n o l, d r ie d  a t  50° fo r  
3 days, and ground to  a w h ite  powder (7 .0  g . ) .  The y ie ld  in d ic a te d  
co n sid erab le  lo s s  o f polymer during  m an ip u la tio n .
7 .3 .2 . S ty ren e /m eth y l m e th a c ry la te  copolymer (A) w ith  phenyl 
magnesium brom ide = (A /2)
The copolymer (1 5 .0  g .)  d is so lv e d  in  a m ix tu re  o f 
e ther (40 m l.)  and r e d i s t i l l e d  re a g en t grade benzene (20 m l.)  was 
added dropw ise w ith  f a s t  s t i r r i n g  to  phenyl magnesium bromide in  
e ther (see  s e c tio n  7 .2 .1 . )  over a p e rio d  o f 1 hour. The p r e c ip i t a t e  
again co ag u lted  to  a lump. The s o lu tio n  was decanted  on to 3N. su lp h u ric  
acid (45 m l.)  and ic e  (75 g .)  w h ile  th e  s o l id  was t r e a te d  w ith  benzene 
(60 m l.) b u t w ith o u t ap p aren t d is s o lu t io n .
The benzene e x tr a c t  was added to  e th e r /s u lp h u r ic  
acid m ix tu re , and th e  aqueous la y e r  was sep a ra te d  and added to  th e
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b en zen e -ex trac ted  s o l id .  On s tan d in g  fo r  fo u r days th e  l a t t e r  
m ixture se p a ra te d  in to  a c le a r  lower la y e r  and an upper em ulsion 
layer and was th en  combined w ith  th e  e th e r/b en zen e  s o lu tio n  and 
washed th re e  tim es w ith  w a te r .
The combined w ashings were evaporated  to  dryness a t  
100° and produced an a c id ic ,  p a le  brown, m oist c r y s t a l l i n e  mass 
(11.0 g .)  which was d isc a rd e d .
The so lv e n t la y e r  was d r ie d  w ith  anhydrous sodium 
su lphate , and th e  l a t t e r  was washed w ith  sm all q u a n t i t ie s  o f benzene 
to  recover any occluded polym er. The combined o rg an ic  s o lu tio n s  were 
d ried  w ith  anhydrous calc ium  c h lo r id e , g iv in g  a c le a r  p a le  yellow  
so lu tio n  (150 m l.)  whose volume was reduced to  50 m l. by d i s t i l l a t i o n .
L ig h t p e tro le u m y b o i l in g  range 40-60° (25 m l.)  was
added to  th e  polym er s o lu tio n  and th e  c le a r  m ix tu re  was added drop- 
wise w ith  ra p id  s t i r r i n g  to  l ig h t  pe tro leum  (475 m l .) .  A cream- 
coloured p r e c ip i t a t e  was produced, which was f i l t e r e d ,  washed w ith  
lig h t petro leum  (50 m l.)  and d r ie d  a t  60° /3  mm. to  a n e a r ly  w h ite  
powder (11 .0  g .)
The combined f i l t r a t e  and w ashings were examined fo r  
polymer c o n ten t by ev ap o ra tin g  a t  35° /5  mm. The o i ly  green
residue (0 .8  g .)  p o sse ssed  a p h en o lic  odour and was in s o lu b le  in  
w ater; tre a tm e n t w ith  N. aqueous sodium hydroxide removed th e  
phenolic odour, le av in g  only  a hydrocarbon odour.
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7.3.3* S ty ren e /m eth y l m e th a c ry la te  copolymer (A) w ith  m ethyl 
magnesium io d id e  = (A/3)
A s o lu t io n  o f th e  copolymer (15 .0  g .)  in  benzene (50 m l.)  
was added dropw ise w ith  f a s t  s t i r r i n g  to  m ethyl magnesium io d id e  in  
e ther (see  s e c tio n  7 .2 .2 . )  a t  r e f lu x . No p r e c ip i ta t io n  o ccu rred  
during th e  a d d it io n , b u t a s l ig h t  h is s  was d e te c ta b le  as drops h i t  
the su rfa ce  o f th e  l iq u id ,  and a brown co lo u r was observed lo c a l ly  
when th e  s t i r r e r  was stopped m om entarily . A dd ition  was com plete in  
45 m inutes, and a f t e r  s t i r r i n g  fo r  a fu r th e r  15 m inutes th e  m ix tu re  
was decomposed w ith  3N. su lp h u ric  a c id  (45 m l.)  and ic e  (75 g . ) ;  
the re a c tio n  was v io le n t  and th e  m ix tu re  was l e f t  o v e rn ig h t.
The upper cloudy o rg an ic  la y e r  was washed th re e  tim es 
with w a te r , d r ie d  w ith  anhydrous sodium s u lp h a te , and th e  polymer was 
obtained (a s  in  s e c tio n  7 .3 .2 . )  as a p a le  cream powder (11 .0  g .)
7 .3 .4 . S ty ren e /m eth y l m e th a c ry la te  copolymer (B) w ith  magnesium 
bromide = (B /l)
A s o lu t io n  o f th e  copolymer (21 .0  g .)  in  benzene (42 m l.)  
was added dropw ise to  phenyl magnesium bromide in  e th e r  (p rep a red  
on double th e  s c a le  o f S ec tio n  7 .2 .1 . ) .  A brown p u t ty - l ik e  mass was 
produced and was removed from th e  f la s k  w ith  th e  aid. o f benzene (150 m l.)  
and t r e a te d  w ith  3N su lp h u ric  a c id  (90 m l.)  and ic e  (1*50 g . ) .  A d d itio n ­
a l su lp h u ric  a c id  to  a t t a i n  a pH below 4 was n ecessa ry  to  g iv e  two 
phases. The upper la y e r  cou ld  n o t be washed w ith  w a ter w ith o u t
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e m u ls if ic a tio n  u n t i l  e th e r  (150 m l.)  and e th an o l (75 m l.)  had 
been added. The r e s u l t in g  o rg an ic  s o lu tio n  was c o n ce n tra te d  to  
200 ml. by d i s t i l l a t i o n  and th e  polymer o b ta in ed  by p r e c ip i t a t io n  
w ith m ethanol (1250 m l.)  washing w ith  e th an o l (500 m l .) ,  and d ry ing  
a t 50° in  a vacuum oven o v e rn ig h t. The powdered p roduct was o f f -  
w hite (15 .5  g . ) .
7 .3 .5 . S ty ren e /m eth y l m e th a c ry la te  copolymer (B) w ith  m ethyl magnesium 
iod ide = (B /2)
The copolymer (10 .5  g .)  in  benzene (30 m l.)  was added 
to  m ethyl magnesium io d id e  in  e th e r  (se e  s e c tio n  7 .2 .2 . )  a t  r e f lu x  
over 40 m in u tes . Owing to  th e  v i s c o s i ty  o f th e  polymer s o lu tio n  i t  
was n ecessa ry  to  wash down th e  dropping funnel w ith  benzene (10 m l.)  
Reflux was m ain ta in ed  fo r  a f u r th e r  20 m in u tes , and when co o l th e  
m ixture was poured onto  3N su lp h u ric  a c id  (45 m l.)  and ic e  (75 g . ) .  
R eaction was slow in  th e  v isco u s  mass b u t th e  a d d itio n  o f benzene 
(50 m l.) a s s i s te d  d is s o lu t io n  on s t i r r i n g ;  th e  m ix tu re  was l e f t  
overn igh t.
The o rg an ic  la y e r  was washed w ith  w a ter and th e  polymer 
recovered by p r e c ip i t a t io n  w ith  l ig h t  petro leum  and d ry ing  a t  80° 
in  a vacuum oven. The p ro d u c t was a yellow  powder (10 .0  g . ) .
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7 .3 .6 . S ty rene /m ethy l m e th a c ry la te  copolymer (B) w ith  e th y l  magnesium 
bromide = (B/3)
A s o lu t io n  o f th e  copolymer (10.5  g . )  in  benzene (35 m l.)  
was added dropwise a t  r e f lu x  to  e th y l  magnesium bromide in  e th e r  
(see s e c t io n  7 .2 .3 . )  to  which benzene (20 m l.)  had been added w i th ­
out producing any p r e c i p i t a t e .  A dd ition  was complete in  20 m inutes 
and no p r e c i p i t a t i o n  o ccu rred . The dropping funnel was washed 
down w ith  benzene (15 m l . ) .  A f te r  5 minutes the  s o lu t io n  became 
very v iscous  and some w h ite  p r e c i p i t a t e  formed; a f t e r  a f u r th e r  
15 minutes th e  s o lu t io n  was l e s s  v isco u s  bu t more s o l id  had sep a ra te d ,  
and s t i r r i n g  was con tinued  fo r  30 m inu tes . The m ix tu re  was l e f t  to  
stand o vern igh t and t h i s  r e s u l t e d  in  much more p r e c i p i t a t e .  This  
p r e c ip i t a t io n  behav iour was p robab ly  due to  coo ling  o f  the  s o lu t io n .  
Decomposition was e f f e c t e d  w ith  3N su lp h u r ic  a c id  (45 m l.)  and ic e  
(75 g .)  and g e n t le  r e a c t io n  was accompanied by d i s s o lu t io n  of th e  
so lid  in  th e  so lv e n t  phase .
The polymer was recovered  by washing and drying the  
so lu tion  and p r e c i p i t a t i n g  w ith  l i g h t  pe tro leum # The product was 
a white powder (10 .0  g . )
7,.3.7. S tv rene /m ethy l v in y l  ke tone  copolymer (C) w ith  methyl 
magnesium io d id e
The copolymer (7 .5  g . )  in  benzene (50 m l.)  was added 
dropwise a t  r e f lu x  to  m ethyl magnesium io d id e  in  e th e r  ( see  s e c t io n
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7.2*2.) to  which benzene (25 m l.)  had been added to  p rev en t  immediate 
p r e c ip i t a i io n .  A dd ition  was complete in  30 minutes and th e  dropping 
funnel was washed down w ith  benzene (25 m l . ) .  The g e la t in o u s  d i s ­
persion was l e f t  o v e rn ig h t  and then  decomposed w ith  3N su lp h u r ic  
acid (50 m l.)  and i c e  (75 g . )  w ith  a d d i t io n a l  benzene (100 m l . ) .
The upper emulsion la y e r  proved e x c e p t io n a l ly  d i f f i c u l t  to  handle  
and no polymer was s a t i s f a c t o r i l y  i s o l a t e d ;  a p ink  c o lo u ra t io n  
ind ica ted  f r e e  io d in e .
7 .3 .8 . S tv rene /m ethy l v in y l  ke tone  copolymer (C) w ith  e th y l  
magnesium bromide = (C/1)
The G rignard  compound was p repared  from magnesium (0 .45  g . )  
and e th e r  (3 m l.)  to  which was added a s o lu t io n  of a e th y l  bromide 
(2.1 g . )  in  e th e r  (9 m l . ) .  A f te r  r e a c t io n  benzene (25 m l.)  was added, 
followed by a s o lu t io n  o f  th e  copolymer (2 .0  g . )  in  benzene (20 m l.)  
over 30 m inutes a t  r e f lu x .  F u r th e r  benzene (35 m l.)  was added and 
the g e la t in o u s  d is p e r s io n  was l e f t  o v e rn igh t b e fo re  decom position w ith  
3N su lphuric  a c id  (20 m l.)  and i c e  (30 g . ) .  The s t a b l e  emulsion 
produced was evapora ted  a t  20-22° under reduced p re s s u re  fo r  8 hours 
( f in a l ly  5 mm. ) ,  then  a t  40-50° /3  mm. fo r  4 hours . The p a le  
brown re s id u e  was e x t r a c te d  s e p a ra te ly  w ith  benzene (50 m l.)  ace tone  
(25 m l.) and e th an o l  (25 m l.)  and th e  combined s o lu t io n s  were p r e c i p i ­
ta ted  w ith  pe tro leum  e th e r  (250 m l.)  to  g ive  a s t i c k y  p roduc t d r ie d  
at 50° to  a cream powder (1 .0  g . )
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7.4. REACTION OF GRIGNARD-TREATED COPOLYMERS WITH HYDROGEN PEROXIDE
7.4 .1 . S ty rene /m ethy l m e th a c ry la te  copolymer/phenyl magnesium bromide 
(A/1) w ith  hydrogen pe rox ide  = (A /1/1)
High T es t  Perox ide  (H .T .P .)  was su p p lied  by L aporte  L td . ,  
and con ta ined  about 8570 hydrogen perox ide  by w eigh t. H .T.P. (10 .0  m l.)  
contained in  a 50 ml. beaker was s t i r r e d  m echanically  w ith  a g la s s  
s t i r r e r  and s h ie ld e d  by p la c in g  in  an ’'American P a i l '1 of 5 g a l lo n  
capacity , w ith o u t  l i d .  The dry copolymer (2 .0  g . )  was added c a u t io u s ly ,  
and when thoroughly  d is p e r se d ,  co n ce n tra te d  su lp h u r ic  a c id  (0 .05 m l.)  
was added from a 2 ml. g radua ted  p i p e t t e .  The w h ite  s lu r r y  was s t i r r e d  
at room tem pera tu re  fo r  100 m inutes w ithou t v i s i b l e  change, then  l e f t  
standing fo r  12 h o u rs .  Some foam was formed, so s t i r r i n g  was recommenced 
and continued fo r  3 h o u rs .  D i s t i l l e d  w a te r  (25 m l . )„ was added; polymer 
floa ted  and cou ld  n o t  be s ep a ra te d  by c e n t r i f u g in g ,  so i t  was c o l l e c te d  
on a No. 4. p o r o s i ty  s in t e r e d  g la s s  c r u c ib le ,  washed w ith  co ld  w a te r ,  
dried a t  35° in  vacuum fo r  30 m inu tes ,  c rushed , and r e d r ie d  in  vacuum 
for 3 days.
7.4.2. S ty rene /m ethy l m e th a c ry la te  copolymer/phenyl magnesium bromide 
jA/2) w ith  hydrogen pe ro x id e  = (A /2/1)
The p rocedure  of s e c t io n  7 .4 .1 .  was fo llow ed, w ith  
f in a l  drying in  vacuuo over anhydrous calc ium  c h lo r id e  fo r  7 days.
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7 .4 .3 . S ty rene /m ethy l m e th ac ry la te  copolymer/methyl magnesium 
iodide (A/3) w ith  hydrogen perox ide
The p rocedure  of s e c t io n  7 .4 .1 .  was fo llow ed, b u t the  
pale cream polymer gave a p a le  brown co lo u r  when added to  the  
H.T.P. Only 1 drop of su lp h u r ic  a c id  was added, and t h i s  caused 
v io le n t  e f fe rv e sc e n c e ,  darken ing , and spontaneous combustion; 
the v io le n t  r e a c t io n  was almost ex p lo s iv e .  The unexpected 
reac tion  was thought due to  t r a c e s  of io d in e  a c t in g  c a ta l y t i c a l l y  
for the  o x id a t io n  of o rgan ic  m a tte r  by th e  H.T.P.
7 .4 .4 . S ty rene /m ethy l m e th a c ry la te  copolymer/phenyl magnesium 
bromide (B / l )  w ith  hydrogen pe ro x id e  = (B / l /1 )
The procedure  of s e c t io n  7 .4 .1 .  was followed except 
tha t the  w h ite  s l u r r y  was s t i r r e d  fo r  7 hou rs ,  l e f t  f o r  11 h ou rs ,  
and s t i r r e d  again  fo r  2 h o u rs .  The p roduc t was d r ie d  a t  40° in  
vacuum fo r  12 h o u rs ,  c rushed , and re d r ie d  in  vacuum fo r  2 days.
7 .4 .5 . Remaining G r ig n a rd - t r e a te d  copolymers (B /2 ) .  (B/3) and 
(C/1)
In  view of the  exper ience  w ith  the  p a le  cream polymer 
(A/3) i t  was f e l t  unwise to  t r e a t  the  yellow  powder (B/2) and the  
cream polymer (C/1) w ith  H.T.P. A n a ly t ic a l  exam ination of polymer 
(B/3) in d ic a te d  th a t  no r e a c t io n  w ith  the  G rignard  reag en t  had 
occurred, making t re a tm e n t  w ith  H.T.P. p o i n t l e s s .
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7.5. EXAMINATION OF COPOLYMERS (A). (B ) . AND (C) AND THEIR 
DERIVATIVES
7 .5 .1 . Q u a n t i t a t iv e  carbon and hydrogen ana lyses
Samples were d r ie d  in  vacuuo over phosphorus pen tox ide  
and p a r a f f in  wax shavings ( t o  absorb organic  vapours) and subm itted  
to Drs. W eiler and S trau ss  of Oxford. The a n a l y t i c a l  r e s u l t s  a re  g iven  
in Table 3.
The a n a ly s i s  fo r  copolymer (D), (found C 85.02%, H 7.96%), 
corresponds to  a s ty re n e /m e th y l  m e th ac ry la te  r a t i o  of 3 .4 1 /1  ( c a lc .
C 85.167>, H 7.817,) compared w ith  th e  i n i t i a l  r a t i o  of monomers 4 /1 .
In the case  of copolymer (B), (found C 82 * 537>, H 8.15%), the  
ana lys is  corresponds to  a r a t i o  of 4 .6 7 /2  ( c a lc .  C 82.84%, H 7.84%>) 
compared w ith  th e  i n i t i a l  r a t i o  of monomers 5 /2 .
The r e l a t i v e  in c re a s e  in  oxygen c o n ten t  fo r  copolymers 
(A/1), (A /3) , and (B / l )  i s  c o n tra ry  to  th e  expected r e a c t io n  w ith  
Grignard compounds, b u t  may be exp la ined  by poor recovery  of 
polymer and consequent p a r t i a l  f r a c t io n a t io n .
7 .5 .2 . Q u a l i t a t iv e  e lem en ta l an a ly ses
The L assa igne  sodium fu s io n  p rocedure  y ie ld e d  th e  
re s u l t s  g iven  in  Table 4 .
A sm all p o r t io n  of copolymer (B/2) h ea ted  in  a t e s t t u b e  
was deco lo u r ised  and remained w h ite  when c o o l ,  confirm ing th a t  
the yellow co lo u r  was p robab ly  due to  io d in e  which was v o l a t i l e  on
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heating ; a f u r th e r  p o r t io n  tu rn ed  w hite  on warming w ith  m ethanol.
7 .5 .3 . Acid co n ten t
Dry copolymer A/1 (0 .82  g . )  was. d is so lv e d  in  benzene 
(30 m l . ) .  When d i lu te d  w ith  e th an o l (20 m l.)  th e  s o lu t io n  was t i t ­
ra ted  w ith  0 . IN aqueous sodium hydroxide to  p h en o lp h th a le in .  The 
t i t r e  was 0 .15  ml, and a c o n t ro l  on th e  so lv en ts  gave 0*10 ml.
7 .5 .4 . Hydroxyl v a lu es
The polymer (about 0 .75  g . )  was d is so lv e d  in  reag en t  
grade benzene (5 m l.)  and re f lu x e d  w ith  a c e t i c  a n h y d r id e /p y r id in e  
1/4 v /v  m ix ture  (5 .0 0  m l.)  fo r  1 hour (The a c e t i c  anhydride and 
pyridine were f r e s h ly  d i s t i l l e d  from phosphorus pen tox ide  and s o l id  
sodium hydroxide, r e s p e c t iv e ly )*  D i s t i l l e d  w a ter (10 m l.)  was added 
and re f lu x ed  fo r  10 m inu tes . A f te r  coo ling  and d i l u t i n g  w ith  
absolute a lc o h o l  (997. e th a n o l ,  30 m l.)  the  a c e t i c  a c id  was t i t r a t e d  
with N aqueous sodium hydroxide to  phenoph thale in . C on tro l experim ents 
were conducted w ith  th e  r e a g e n ts .  The hydroxyl v a lues  a re  expressed  
as equ iva len t mg. KOH/g copolymer and hydroxyl-oxygen c o n ten t  in  
Table 5.
Only th e  v a lu e  o f 84 mg. KOH/g fo r  copolymer (B/2) i s  
great enough to  sugges t  any s i g n i f i c a n t  t e r t i a r y  c a rb in o l  c o n te n t ,  
the corresponding hydroxyl oxygen c o n ten t  bong 2.47. compared w ith  
a t o t a l  oxygen c o n ten t  of 9 . 327. fo r  copolymer (B). However, exam­
ination  of the  r e s u l t s  fo r  copolymers (A/1) and (A/3) in  comparison
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with the  e lem en ta l  an a ly ses  (Table 3) in d ic a te s  th a t  an apparen t 
increase  in  oxygen co n ten t  i s  n o t a s s o c ia te d  w ith  a s i g n i f i c a n t  
hydroxyl v a lu e .  Furtherm ore , copolymer (B/2) was impure, s in ce  
i t  was yellow  ( s e c t io n  7 . 3 . 5 . )  and con ta ined  io d in e  (Table  4 ) .
7 .5 .5 . S o lu b i l i t y  c h a r a c t e r i s t i c s
Both copolymers (A) and (B) were in s o lu b le  bu t p a r t l y  
d ispersed  in  e th e r  a t  1% w/v, gave cloudy s o lu t io n s  in  e th e r /b en zen e  
95/5 v /v  a t  10% w/v and c l e a r  s o lu t io n s  in  e th e r /b en zen e  90/10 v /v  
a t  20% w/v.
Now in  s e c t io n  7 .3 .1 .  copolymer (A) was d is so lv ed  in  
e th e r / to lu e n e  80/20 a t  20% w/v and added to  a s o lu t io n  of phenyl 
magnesium bromide in  e th e r  such th a t  the  f i n a l  so lv en t  ba lance  
was e th e r / to lu e n e  107/15 (e q u iv a le n t  to  approxim ately  88/12 v /v )  
which could reasonab ly  be expected to  g ive  a c l e a r  s o lu t io n  in  th e  
absence of o th e r  s o lu te s .
S im i la r ly  in  s e c t io n  7 .3 .4 .  copolymer (B) was f i n a l l y  
held in  a m ix tu re  of e th e r /b en zen e  69/31 v /v  a t  16% w/v which would 
give a c l e a r  s o lu t io n  in  th e  absence of o th e r  s o lu te s .
I t  may th e r e f o r e  be concluded th a t  p r e c i p i t a t i o n  of 
copolymer during  a ttem pted  G rignard  r e a c t io n s  was due to  the  
Grignard re ag en t  a c t in g  e i t h e r  p h y s ic a l ly  as a n o n -so lv en t  dilufent, 
or by chemical r e a c t io n .
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7.5.6. M olecular w eight changes
The r e l a t i v e  v i s c o s i t i e s  of copolymer s o lu t io n s  a t  0 .4  g. 
per 100 ml. of s o lu t io n ,  in  benzene, were determined in  a thermo­
s t a t i c a l l y  c o n t r o l le d  w a ter  b a th  a t  20 + 0 .1 °  w ith  a N o .1 Ostwald 
viscometer.
Copolymer A - = 1*05 Copolymer B = , 1.15
Copolymer A/1 = 1.06 Copolymer B / l  = 1.17
The change o f r e l a t i v e  v i s c o s i t y  fo llow ing  t re a tm en t w ith  
phenyl magnesium bromide i s  i n s i g n i f i c a n t  in  each case .
7.6. MALEIC ANHYDRIDE COPOLYMERS
7.6.1. S ty ren e /m a le ic  anhydride  copolymer (D)
S ty rene  (washed, d r ie d ,  and r e d i s t i l l e d ,  530 g. = 5 . 1  
moles), m aleic  anhydride ( f l a k e  su p p l ie d  by Monsanto L td . ,  490 g. =
5.0 m oles), benzene (5400 g . )  and dry d ibenzoyl pe rox ide  (2 .5  g. = 
0.01 mole) were p laced  in  a ja ck e te d  s t a i n l e s s  s t e e l  r e a c to r  of 
2 gallon c a p a c i ty  f i t t e d  w ith  r e f lu x  condenser, and m echanical 
s t i r r e r .  The m ix tu re  was s t i r r e d  a t  room tem perature  u n t i l  a l l  
d issolved, then  re f lu x e d  fo r  7 hours .  There was evidence of s l i g h t l y  
exothermic r e a c t io n  during  th e  f i r s t  hour only. The w h ite  d is p e r s io n  
was cooled and f i l t e r e d  on a Buchner funnel a t  the  pump to  y ie ld  
4000g. w hite  s o l i d  (c o n ta in in g  much adsorbed so lv en t)  and 1750 g. 
benzene, th e re  be ing  some lo s s  of so lv en t  by evap o ra tio n  under 
reduced p re s su re .  The s o l id  was a i r  d r ie d  to  y i e ld  a f in e  w hite  
powder w ith  a f a i n t  odour of s ty re n e  and which was f u r th e r  d r ie d  
at 120° in  vacuuo fo r  18 hours .  Y ie ld  950 g.
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7 .6 .2 .  Attempted p re p a ra t io n  of s ty ren e /m a le ic  anhydride 
20/1 molar copolymer
S tyrene  (104 g. = 1.0 m ole), m ale ic  anhydride (4 .9  g. =
0.05 mole) and to lu en e  ( rea g en t  g rade, r e d i s t i l l e d ,  200 g . )  were 
d isso lved  w ith  s t i r r i n g  in  a 500 ml. Q u ic k f i t  f l a s k  f i t t e d  w ith  r e f lu x  
condenser. The f l a s k  was h ea ted  by w ater  b a th ,  and when th e  i n t e r n a l  
temperature was 99° dry d ibenzoyl perox ide  (0.605 g. = 0.0025 mole) 
was added. The l iq u id  immediately tu rned  from c l e a r  to  opaque w ithou t 
any exotherm, and was m ain ta ined  a t  99-100° fo r  3 hou rs ,  during  which 
time the  m ix tu re  p a r t i a l l y  c l a r i f i e d .  When cool th e  co n ten ts  were 
found to  c o n s i s t  of a sm all w h ite  sediment on the  s id e s  of th e  f l a s k  
with a c l e a r  l iq u id  of f a i r l y  low v i s c o s i t y .  An a ttem pt was made to  
f i l t e r  the  m ix tu re  us ing  a No. 54 Whatman paper on a Buchner fu n n e l ,  
but the p r e c i p i t a t e  was s o f t  and g e la t in o u s ,  and the  v i s c o s i t y  of th e  
liqu id  made f i l t r a t i o n  im p ra c t ic a b le .
7 .6 .3 . Attempted p re p a ra t io n  of s ty re n e /m a le ic  anhydride 
5/1 molar copolymer
The procedure  adopted was as fo r  s e c t io n  7 .6 .2 ,  w ith  
styrene (104 g. = 1.0 m ole), m ale ic  anhydride (19.8  g. = 0 . 2  m ole), 
toluene (200 g . )  and d ibenzoyl perox ide  (0 .605 g. = 0.0025 m ole).
When the  i n i t i a t o r  was added the  tem pera tu re  ro se  spontaneously  to  
reflux  a t  110° during  30 seconds w ith  sim ultaneous form ation  of
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white p r e c i p i t a t e .  When th e  exothermic r e a c t io n  had subsided  th e  
con ten ts  were coo led . The p r e c i p i t a t e  c o n s is te d  o f  w h ite  lumps and 
granules and was s e p a ra te d  by1' f i l t r a t i o n ,  washed w ith  to lu e n e  and 
dried  a t  100° • The p roduc t was so lu b le  in  aqueous sodium hydrox ide .
The p o ly m e r isa t io n  behav iour ,  and the  s o l u b i l i t y  of th e  
product in  aqueous a l k a l i  were evidence t h a t  th e  d e s i re d  copolymer 
had no t been p rep a red .
7 .6 .4 . Methyl m e th a c ry la te /m a le ic  anhydride 20/1 molar copolymer (E) 
Methyl m e th a c ry la te ,  (washed, d r ie d  and r e d i s t i l l e d ,
50.0 g. ~ 0 .5  m ole) , m ale ic  anhydride (2 .45 g. = 0.025 m ole), to lu en e  
(105 g . )  and d ibenzoy l pe ro x id e  (0 .12  g. = 0.0005 mole) were h ea ted  to  
98-100° in  a 500 ml. f l a s k  equipped w ith  m echanical s t i r r e r ,  r e f lu x  
condenser, and thermometer, and p laced  in  a w ater  b a th .  H eating was 
continued f o r  75 m inutes w ith  f u r th e r  s im i la r  q u a n t i t i e s  o f  d ibenzoyl 
peroxide added a f t e r  15 and 40 m inu tes .  No exotherm g r e a t e r  than  
0.5° was observed , b u t th e  s o lu t io n  remained c l e a r  and showed a 
moderate in c re a s e  in v i s c o s i t y .  The product was found to  have a 
n o n -v o la t i le  c o n ten t  o f  25.0% w/w by evap o ra tio n  of a sample a t  105° 
for 48 hours^ t h i s  corresponded to  about 757. conversion*
The s o lu t io n  was d i lu t e d  w ith  to lu en e  (160 g . )  to  a t o t a l  
volume o f 365 ml. The polymer was p r e c i p i t a t e d  by adding the  s o lu t io n  
dropwise to  d i e th y l  e th e r  (1500 m l.)  w ith  s t i r r i n g ,  washed w ith  d ie th y l  
e ther (400 m l .)  by d e ca n t in g ,  and f i l t e r e d  under g ra v i ty  us ing  a 
s in te red  g la s s  f i l t e r  o f  No. 3 p o r o s i ty .  The w hite  p roduc t was
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fu r th e r  washed w ith  d ie th y l  e th e r  (400 m l . ) ,  d ra ined  a t  th e  pump, 
dried in  a vacuum d e s ic c a to r  a t  th e  pump fo r  30 minutes and f i n a l l y  
in the  oven a t  65° fo r  12 h o u rs .  (Y ie ld  35.0 g. re p re s e n t in g  about 
67% co n v ers io n ) .
The copolymer was f r e e  from odour. E ther  i s  a good so lv en t  
for maleic anhydride  and should  thus  p rov ide  s e p a ra t io n  o f  polymer 
from u n reac ted  monomers.
7 .6 .5 . Methyl m e th a c ry la te /m a le ic  anhydride 5 /1  molar copolymer (F)
Methyl m e th a c ry la te  (50 .0  g. = 0 . 5  m ole), m ale ic  anhydride 
(9.80 g. = 0 . 1  m ole), to lu e n e  (120 g . )  and d ibenzoyl pe rox ide  (0 .24  g, = 
0.001 mole) were used in  th e  p ro cess  d e sc r ib ed  in  s e c t io n  7 .6 .4 .  Two 
fu r ther  p o r t io n s  o f i n i t i a t o r  (each 0 .12  g. -  0.0005 mole) were 
added as b e fo re .  On c o o lin g  th e  c l e a r  s o lu t io n  was found to  c o n ta in  
some w hite  n e e d le - l i k e  c r y s t a l s .  A s o l id s  co n ten t  of 27.1% w/w 
indica ted  a convers ion  o f about 81%, a lthough  unpolymerised m ale ic  
anhydride may remain i n v o l a t i l e  under th e  c o n d i t io n s  o f  te s t*
On d i l u t i o n  w ith  to lu e n e  (170 g . )  the  s o lu t io n  gave a 
co llo id a l  p r e c i p i t a t e  which s e t t l e d  r a p id ly .  The a d d i t io n  o f  methyl 
methacrylate  (20 g . )  reduced th e  s e t t l i n g  r a t e ,  and a f u r th e r  s im i la r  
addition r e s u l t e d  in  a s t a b l e  c o l l o i d a l  s o lu t io n  showing s l i g h t  b lu e  
fluorescence and t u r b i d i t y .  The polymer was p r e c i p i t a t e d  from th e  
c o llo id a l  s o lu t io n  by adding to  d ie th y l  e th e r  (1500 m l . ) ,  f i l t e r e d ,  
washed w ith  d i e th y l  e th e r  (500 m l.)  and drained* I t  was then  d is so lv e d
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in acetone ( r e a g e n t  grade) to  g ive  250 ml. s o lu t io n ,  from which 
the polymer was r e p r e c i p i t a t e d  w ith  d ie th y l  e th e r  (1500 m l.)  as 
before. A f te r  washing w ith  d ie th y l  e th e r  (500 m l . ) and dry ing  
at 50° a y i e ld  of 45 g. of w h ite  powder was o b ta ined . This 
corresponded to  about 15% convers ion .
7 .6 .6 . V inyl m ethyl e th e r /m a le ic  anhydride equimolar copolymer (G) 
Such a copolymer was a v a i l a b le  commercially as a f in e  
white powder from th e  G enera l A n il in e  and Film  C orpora tion  (U.S.A.) 
via  Fine D y estu ffs  and Chemicals Ltd. (U .K .). The sample used was 
c h a rac te r ised  by a s p e c i f i c  v i s c o s i t y  quoted as 1.2 - 1 .8 .
7.7. REACTION OF MALEIC ANHYDRIDE COPOLYMERS WITH t-BUTYL 
HYDROPEROXIDE
2 32.D avies, F o s te r  and White de sc r ib ed  th e  p re p a ra t io n  of 
t -b u ty l  hydrogen m ono-perph tha la te  and t - b u t y l  hydrogen monor 
persucc ina te ; For example, t - b u t y l  hydroperoxide (9 g*) , . p h th a l ic  
anhydride (14 .8  g . )  and p y r id in e  (11.8  g . )  were mixed and s e t  a s id e  
for 12 hours a t  room tem p e ra tu re ,  most of th e  p h th a l ic  anhydride 
d isso lv ing . A f te r  10 m inutes a t  65 -  68° th e  c l e a r  s o lu t io n  was 
cooled, d i lu te d  w ith  an equal volume of ace to n e ,  a c id i f i e d  to  Congo- 
red with 6N -hydrochloric  a c id ,  and then d i lu te d  w ith  w a te r .  The 
deposited p roduc t was r e c r y s t a l l i s e d  from e t h e r - l i g h t  pe tro leum .
-  128 -
Employing th e  p ro p o r t io n s  of r e a c ta n t s  used by th e se  
workers, b u t w ith  polym eric  anhydrides , i t  proved im possib le  to  
achieve s o l u b i l i t y  and homogeneous systems a t  a reaso n ab le  v i s c o s i t y .
The a l t e r n a t iv e s  open were to  use e i t h e r  or bo th  of the  monomeric 
reactan ts  in  excess as s o lv e n t ,  or to  in tro d u ce  a f u r th e r  non­
reactive  so lv e n t .  Both p rocedures  were exp lored  ex p e r im en ta l ly .
P y r id in e  was d r ie d  over potassium  hydroxide ( s t i c k s )  and 
r e d i s t i l l e d  fo r  use . t - b u t y l  hydroperoxide was su p p lied  by 
Laporte Chemicals L td. a t  7270 a c t i v i t y ,  th e  rem ainder being  s u b s t a n t i a l l y  
d i - t -b u ty l  p e ro x id e ;  th e  l a t t e r  was regarded  as a n o n - re a c t iv e  d i lu e n t .
7 .7.1. S ty ren e /m a le ic  anhydride copolymer (D) w ith  t - b u t y l  hydroperoxide
7 .7 .1 .1 .  R eac tion  a t  50° in  p y r id in e  = (D/1)
The copolymer (4 .058 g. = 0 .02 mole anhydride) re q u ire d  
16 ml. p y r id in e  to  g ive  a c l e a r  v isco u s  s o lu t io n  in  30 minutes a t  
80-100° • The s o lu t io n  con ta in ed  in  a s toppered  c o n ic a l  f l a s k  (100 m l.)  
was cooled and t - b u t y l  hydroperox ide  (727o, 10 m l.)  was added to  m a in ta in  
a concen tra tion  of hydroperox ide  approxim ating to  th a t  used by D avies, 
Foster and White. The s o lu t io n  was h e ld  a t  50° fo r  62 h o u rs ,  w ith  
frequent shaking during  th e  f i r s t  90 m inu tes . A s ludge was p r e c i p i t a t e d ,  
approximately equal to  50% of th e  volume of the  s o lu t io n .  A d d it io n a l  
pyridine ( 4 x 8  ml. p o r t io n s )  e f f e c te d  d i s s o lu t io n  of th e  p r e c i p i t a t e  a t  
50 in 3 hours , The s o lu t io n  was allowed to  coo l to  room tem p era tu re .
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P y r i d i n e / t - b u t y l  hydroperoxide 2/1  v /v  m ix tu re  was 
found to  be c l e a r l y  m is c ib le  w ith  l i g h t  petro leum  (40 - 60° b o i l in g  
range). T here fo re  the  polymer s o lu t io n  was added s low ly, w ith  
vigorous m echanical s t i r r i n g ,  to  l i g h t  petro leum  (400 m l . ) ,  u s ing  
pyrid ine (16 m l.)  to  r i n s e  the  f l a s k .  The p r e c i p i t a t e d  polymer was 
washed w ith  l i g h t  pe tro leum  (2 x 50 m l.)  by d ecan ting , f i l t e r e d  o f f ,  
and d ried  in  the  vacuum oven a t  40 -  45° /3mm. fo r  5 hours , 
t-B uty l hydroperoxide  has a b o i l in g  p o in t  of 34° /20mm. The
product was a p a le  cream powder w ith  a f a i n t  odour of p y r id in e  
(y ie ld  5 ,0  g . )
7 .7 .1 .2 .  R eac tion  a t  50° in  p y r id in e  = (D/2)
Copolymer (14.0120 g . ) d i s s o lv e d  in  p y r id in e  (90 m l.)  and
t-b u ty l  hydroperox ide  (72%, 10 m l.)  in  a s toppered  250 ml. f l a s k  was 
held a t  50° . A f te r  14 hours th e  p a le  yellow s o lu t io n  had tu rned  
orange. A f te r  48 hours no f u r th e r  change was v i s i b l e  and th e  polymer 
was p r e c ip i t a t e d  w ith  l i g h t  pe tro leum  and d r ie d  a t  75° /3mm. fo r
1 hour and cooled  in  vacuuo. The product was a p a le  yellow  g ra n u la r  
powder w ith  an odour of p y r id in e  (y ie ld  15.5 g . ) .
7 .7 .1 .3 .  R eac tion  a t  50° in  p y r id in e  = (D/3)
Copolymer (5.4822 g . )  was d is so lv e d  i s  p y r id in e  (50 m l.)
at 50° to  g ive  a c l e a r  p a le  brown s o lu t io n .  The a d d i t io n  of t - b u t y l  
hydroperoxide (72%, 25 m l.)  produced a g e la t in u o u s  p r e c i p i t a t e  which 
readily  r e d is s o lv e d  on shak ing . A f te r  22 hours a t  50° two l iq u id  
layers were observed and e x t r a  p y r id in e  (10 m l.)  was added to  g ive
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homogeneity. A f te r  13 days a t  50° no f u r th e r  change was v i s i b l e  
and the polymer was p r e c i p i t a t e d  by adding the  s o lu t io n  dropwise w ith  
s t i r r i n g  to  i n d u s t r i a l  m e thy la ted  s p i r i t s  (I .M .S . 74 o .p . ,  900 m l.)  
over a p e r io d  of 30 m inutes . The f in e  p r e c i p i t a t e  was f i l t e r e d  and 
washed w ith  d ie th y l  e th e r  ( 2 x 50 m l.)  and d r ie d  in  vacuuo a t  room 
temperature. The p roduc t comprised n e a r ly  w hite  powder (1 .0  g . )  and 
brown lumps (6 .0  g . ) j  th e se  lumps were powdered, washed w ith  e th e r  
and re d r ie d  in  vacuuo.
7 .7 .1 .4 .  R eac tion  a t  100° in  p y r id in e  = (D/4)
Copolymer (1.1330 g . )  in  p y r id in e  (10 m l.)  w ith  t - b u t y l
hydroperoxide (72%, 5 m l.)  was hea ted  a t  100° , under r e f lu x  condenser 
for 3 hours w ith  no v i s i b l e  change. The polymer was p r e c i p i t a t e d  w ith  
in d u s t r ia l  m e thy la ted  s p i r i t s  (170 m l . ) ,  f i l t e r e d ,  washed w ith  d ie th y l  
ether (2 x 10 m l.)  and d r ie d  in  vacuuo a t  room tem pera tu re  fo r  12 hours .  
The product (0 .85 g . )  was a p a le  cream powder w ith  a very  f a i n t  
pyridine odour.
7 .7 .1 .5 .  R eac tion  a t  25° in  p y r id in e  = (D/5)
Polymer (6 .0  g . ) ,  p y r id in e  (60 m l.)  and t - b u t y l  hydro­
peroxide (72%, 20 m l.)  were allowed to  r e a c t  a t  25° ( th e r m o s ta t i c a l ly  
controlled  w a ter  b a th ) .  A f te r  6 days the  s o lu t io n  became s l i g h t l y  
cloudy, tu rn in g  opaque a f t e r  7 days and showing two la y e r s  a f t e r  8 
days. R eaction was con tinued  fo r  a t o t a l  of 13 days, when p y r id in e
(45 ml.) was added to  r e s t o r e  homogeneity. The polymer was p r e c i p i t a t e d
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with i n d u s t r i a l  m ethy la ted  s p i r i t s  (1270 m l.)  washed w ith  t h i s  
solvent by d ecan tin g , f i n a l l y  coagu la ted  w ith  d ie th y l  e th e r  (150 m l . ) ,  
f i l t e r e d  o f f ,  washed w ith  e th e r  (50 m l.)  and d r ie d  a t  50° o v e rn ig h t .
The product was a f in e  w h ite  powder (y ie ld  6.0 g . )  very  s im i la r  in  
appearance to  the  o r ig i n a l  copolymer (D).
7 .7 .1 .6 .  R eac tion  a t  50° in  p y r id in e  = (D/6)
This experiment was run p a r a l l e l  to  7 .7 .1 .5 .  bu t r e a c t io n  
was c a r r ie d  out a t  50 + 1° ( th e r m o s ta t i c a l ly  c o n t ro l le d  oven). In  
24 hours two la y e r s  had appeared , bu t r e a c t io n  was con tinued  f o r  13 days, 
with shaking every th re e  days. On coo ling  th e  lower la y e r  was darker  
and more v isco u s  than  th e  upper la y e r ,  sugges ting  polymer p r e c i p i t a t i o n .  
Extra p y r id in e  (45 m l.)  was re q u ire d  to  g ive  a c l e a r  homogeneous 
solution a t  20° . The polymer was p r e c i p i t a t e d  as in  (D/5) b u t the
product was of q u i t e  d i f f e r e n t  c h a r a c te r ,  being heavy, of c r y s t a l l i n e
appearance, and p a le  brown co lo u r  ( y ie ld  6.5 g . ) .
7 .7 .1 .7 .  R eac tion  a t  25°. in  p y r id in e  = (D/7)
Polymer (20 .0  g . ) ,  p y r id in e  (200.0 g. = 205 m l . ) ,  and
t-bu ty l hydroperoxide  (40 .0  g. = 45 m l.)  were re a c te d  a t  25° as in  
section 7 .7 .1 .5 .  The p y r i d i n e / t - b u t y l  hydroperoxide r a t i o  was s e le c te d  
to give homogeneity throughout th e  r e a c t io n  p e r io d ,  as judged from 
the behaviour of polymer (D /5) . A f te r  4 days a sample (18 .0  g . )  of 
the homogeneous s o lu t io n  was removed and p r e c i p i t a t e d  w ith  d ie th y l  
ether (180 g . ) .  The l iq u o r  was removed by decan ting  and the  wet
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polymer was d is so lv e d  in  g l a c i a l  a c e t ic  a c id  (100 g . )  and
acetone (10 g . ) ;  i t  was thought t h a t  r e p r e c i p i t a t i o n  from
ace tic  a c id  should e f f e c t  s u b s t a n t i a l  removal of combined 
( s a l t )  p y r id in e  from th e  polymer. P r e c i p i t a t i o n  was 
obtained w ith  d ie th y l  e th e r  (500 m l.)  and the  p roduc t was
f i l t e r e d ,  washed w ith  e th e r  (100 m l.)  and d r ie d  a t  50°
to give a p a le  brown powder ( y ie ld  1.0 g . ) .
7 .7 .1 .8 .  R eac tion  a t  25° in  p y r id in e ,  w ith
in te rm e d ia te  samples (D/8a -  D /f )
Polymer (15 .0  g . ) ,  p y r id in e  (150 g . ) ,  and t - b u t y l  
hydroperoxide (30 .0  g . )  were r e a c te d  a t  25° as in  s e c t io n
7 .7 .1 .5 .  The f i r s t  sample (21.7  g . ) was removed a f t e r  8 
days, d i lu te d  w ith  p y r id in e  (50 g . )  and p r e c ip i t a t e d  w ith  
d ie thy l e th e r  (500 m l . ) .  The polymer was f i l t e r e d  o f f ,  
red isso lved  in  p y r id in e  (75 .0  g . )  and r e p r e c i p i t a t e d  w ith  
ether (500 m l . ) .  The p roduc t was f i l t e r e d ,  washed w ith  
e ther, and vacuum d r ie d  a t  room tem perature  to  a n e a r ly  
white powder ( y ie ld  2 .2  g . )  = (D /8a).
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The second sample (20 .7  g . )  a f t e r  15 days was d i lu te d  
with p y r id in e  (50 g . )  and p r e c i p i t a t e d  w ith  e th e r  (250 m l . ) ,  f i l t e r e d ,  
washed w ith  e th e r  (150 m l . ) ,  vacuum d r ie d  a t  room tem pera tu re  ( y ie ld
2.1 g .)  = (D/8b).
A f te r  20 days two la y e r s  were j u s t  a p p aren t .  E x tra  
pyrid ine (39. Og.) was added (e q u iv a le n t  to  50 g. on th e  o r i g i n a l  
mixture) and t h i s  r e s to r e d  homogeneity.
The t h i r d  sample (23 .3  g . )  was taken  a f t e r  22 days, d i lu te d  
with p y r id in e  (50 g . ) ,  p r e c i p i t a t e d  w ith  e th e r  (400 m l . ) ,  f i l t e r e d ,  
washed w ith  e th e r  (100 m l .)  and vacuum d r ie d  a t  room tem peratu re  ( y ie ld  
2.3 g .)  = (D/8c)
On th e  26th day two la y e r s  were observed aga in , so f u r th e r  
pyridine (34 .3  g . )  was added ( e q u iv a le n t  to  50 g. on th e  o r i g i n a l  
reaction  m ix tu re)  and t h i s  r e s to r e d  homogeneity.
The fo u r th  sample (26 .3  g . )  was removed a f t e r  29 days, 
d ilu ted  w ith  p y r id in e  (50 g . ) ,  p r e c i p i t a t e d  w ith  e th e r  (400 m l . ) ,  
f i l t e r e d ,  washed w ith  e th e r  (100 m l.)  and vacuum d r ie d  a t  room 
temperature, ( y i e ld  2 .3  g . )  = (D/8d)
Two la y e r s  re c u r re d  a f t e r  33 days and 36 days. On each 
occasion p y r id in e  (29 .0  g . )  was added to  r e s to r e  homogeneity (eq u iv ­
alent to  a f u r th e r  100 g. p y r id in e  on th e  o r ig i n a l  r e a c t io n  m ix tu re)
The f i f t h  sample (30 .0  g . )  was taken  on th e  36th day, 
a f te r  the  p y r id in e  ad d ition#  This  sample was d i lu te d  w ith  p y r id in e  
(50 g . ) ,  p r e c i p i t a t e d  w ith  e th e r  (400 m l . ) ,  f i l t e r e d ,  washed w ith
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ether (120 m l.)  and vacuum d r ie d  a t  room tem peratu re  ( y ie ld  2 .4  g . )
= (D/8e).
F u r th e r  p y r id in e  (29 .0  g . )  was re q u ire d  a f t e r  42 days 
and again (25 .0  g . )  a f t e r  45 days, g iv ing  a t o t a l  f i n a l  r e a c t io n  
mixture of 225 g. This was p r e c i p i t a t e d  by e th e r  (450 m l.)  and 
the polymer washed w ith  e th e r  (200 m l . ) by decan tin g ,  f i l t e r e d ,  
washed w ith  e th e r  (100 m l.)  and vacuum d r ie d  a t  room tem peratu re  
(y ie ld  10.0 g . ) = (D /S f) .
The t o t a l  recovery  of polymer was 21.3 g. b u t a l l  of 
the samples p o ssessed  an odour of p y r id in e ,  pressumably due to  
the form ation of p y r id in e  s a l t s  w ith  f r e e  carboxyl groups.
P a r t  of sample D/8a (0 .841 g . )  was re d is so lv e d  in  
pyrid ine (45 m l.)  w ith o u t  warming, p r e c i p i t a t e d  in to  e th e r  (200 m l.)  
f i l t e r e d ,  washed w ith  e th e r  (200 m l.)  and vacuum d r ie d  a t  room 
temperature ( y ie ld  0.687 g . ) = (D /8 a ')
7 .7 .1 .9 .  R eac tion  a t  23° in  ace tone , w ith  in te rm e d ia te
sample = (D/9a. D/9b)
Polymer (7 .5  g . ) ,  ace tone  (75.0 g . )  and t - b u t y l  
hydroperoxide (2 .5  g . )  gave a c l e a r  c o lo u r le s s  homogeneous 
so lu tion  w ith o u t  warming. The s o lu t io n  was m ain ta ined  a t  22-23° 
(constant tem pera tu re  room) fo r  12 hours w ithou t v i s i b l e  evidence 
of re a c t io n .  Then p y r id in e  (0 .5  m l.)  was added^ t h i s  gave an 
increase in  v i s c o s i t y  and s l i g h t  t u r b i d i t y .  R eac tion  was con tinued
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for 16 days, during  which p e r io d  th e  v i s c o s i t y  and t u r b i d i t y  
increased  slowly and s t e a d i l y ,  but no se p a ra t io n  in to  la y e r s  
occurred.
The f i r s t  h a l f  o f  th e  r e a c t io n  m ix ture  (42.5  g* = 50 m l.)  
was removed a f t e r  8 days, d i lu te d  w ith  ace tone (50 m l.)  and p r e c i ­
p i ta te d  i n to  to lu e n e  (750 m l.)  w ith  s t i r r i n g .  L igh t petro leum  
(100/120° b o i l in g  range) proved too  d r a s t i c  as p r e c i p i t a n t  in  
th is  system, b u t  was added (750 m l.)  when p r e c i p i t a t i o n  was com plete, 
in o rder to  c o ag u la te  th e  p r e c i p i t a t e .  A f te r  f i l t r a t i o n  th e  polymer 
was washed w ith  l i g h t  pe tro leum  (100 ml. in  a l l ) ,  and vacuum d r ie d  
a t room tem pera tu re  to  c o n s ta n t  w eight over phosphorous p en tox ide  
(y ie ld  3.89 g . ) = (D /9a).  This  y i e l d  from 3.75 of polymer (D) 
rep re sen ts  '9%. o f  th e  t h e o r e t i c a l  maximum re a c t io n  p o s s ib le .
The rem ainder o f  th e  r e a c t io n  m ix ture  (42.5  g . )  a f t e r  
16 days was d i lu t e d  w ith  ace tone  (150 m l.)  and p r e c i p i t a t e d  in to  
l ig h t  pe tro leum  (1800 m l.)  w ith  s t i r r i n g .  Toluene was n o t  e f f e c t i v e  
with the  polymer a t  t h i s  s tag e  o f  r e a c t io n .  The product was 
f i l t e r e d ,  washed w ith  -ligh t pe tro leum  (1000 m l.)  and vacuum d r ie d  
a t room tem pera tu re  to  c o n s ta n t  weight over phosphorous pen tox ide  
(y ie ld  4 .00  g . )  = (D /9b). This  y i e ld  from 3.75 g. of polymer (D) 
rep resen ts  15% of th e  t h e o r e t i c a l  maximum re a c t io n  possib le*
In  th e  case  o f  both  p r e c i p i t a t i o n s  th e  f i l t r a t e  was t e s t e d  
for n o n - v o la t i l e  c o n ten t  to  check th e  e f f ic ie n c y  o f  polymer p r e c i p i t ­
a tion , No d is so lv e d  s o l id s  were d e te c te d .
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7.7 .2 . Methyl M eth acry la te /M ale ic  Anhydride 20/1 Molar 
Copolymer (E) w ith  t -B u ty l  Hydroperoxide
7 .7 .2 .1 .  R eac tion  a t  37° in  p y r id in e ,  a ttem pted  
Polymer (3 .00  g . )  d is so lv ed  in  p y r id in e  (30 m l.)  w ith
t-b u ty l  hydroperoxide  (0 .13  m l.)  in  a 50 ml. s toppered  f l a s k  was 
heated a t  37 + 0 .5 °  ( th e r m o s ta t i c a l l y  c o n t ro l le d  oven). The 
i n i t i a l  s o lu t io n  was c l e a r ,  c o lo u r l e s s ,  and of low v i s c o s i t y ,  
but a f t e r  2 days had become p a le  yellow . A f te r  7 days th e  co lo u r  
had in t e n s i f i e d  b u t  th e  s o lu t io n  remained homogeneous. The s o lu t io n  
was d i lu te d  w ith  ace tone  to  120 ml, and added to  d ie th y l  e th e r  
(1200 m l.)  to  p r e c i p i t a t e  th e  polymer. The l a t t e r  was s ep a ra ted  
by decan ting , r e d is s o lv e d  in  ace tone  (75 m l . ) ,  and th e  s o lu t io n
d ilu ted  w ith  e th e r  (100 m l.)  and acetone (10 m l.)  b e fo re  p r e c i -
/
p i ta t in g  the  polymer w ith  e th e r  (900 m l . ) .  The p r e c i p i t a t e  
largely  coagu la ted  to  a lump, and proved extrem ely d i f f i c u l t  to  
f i l t e r  or wash, and was th e r e f o r e  d isca rd ed .
7 .7 .2 .2 ,  R eac tion  a t  37° in  p y r id in e  = (E/1)
Polymer (3 .00  g . )  in  p y r id in e ,  (30 m l.)  was s to re d  fo r
24 hours b e fo re  t - b u t y l  hydroperoxide (3 .0  m l.)  in  p y r id in e  (10 m l.)  
was added. The s o lu t io n  was kep t a t  37° . f o r  7 days, by which time 
a pale  yellow co lo u r  had developed, then  d i lu te d  w ith  a c e t i c  a c id  
(100 m l.)  and added to  a m ix tu re  of l i g h t  pe tro leum  (100-120° 
boiling range , 500 mlf ) and d ie th y l  e th e r  (250 m l . ) ,  th e  l a t t e r
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being re q u ire d  to  p rev en t  p r e c i p i t a t i o n  of p y r id in e  a c e ta t e .
The s t ic k y  p r e c i p i t a t e d  polymer was r e d is s o lv e d  in  a c e t i c  a c id  
(75 m l.)  and r e p r e c i p i t a t e d  w ith  l i g h t  pe tro leum  (750 m l.)  b u t 
was s t i l l  i n t r a c t a b l e .  I t  was d is so lv e d  in  a c e t i c  ac id  (50 m l.)  
and t h i s  s o lu t io n  was d i lu te d  w ith  methanol (50 m l . ) ,  producing 
tu r b i d i ty ,  b e fo re  r e p r e c i p i t a t i o n  w ith  more methanol (500 m l . ) .
The w hite  p r e c i p i t a t e  was r e a d i ly  f i l t e r e d ,  washed w ith  m ethanol, 
and d r ied  in  a vacuum d e s ic c a to r  to  a f i n e ,  odourless  powder 
(y ie ld  2.07 g . )  = (E /1 ) .
7 .7 .3 . Methyl M ethac ry la te /M ale ic  Anhydride 5 /1  Molar Copolymer 
(F) w ith  t -B u ty l  Hydroperoxide
7 .7 * 3 .1 .  R eac tion  a t  37° in  p y r id in e  = ( F / l )
This experiment was conducted in  p a r a l l e l  w ith  t h a t  
described in  S ec tio n  7 .7 .2 .1 .  and a lso  a c o n t ro l  experiment 
omitting t - b u t y l  hydroperox ide . The polymer (3 .00  g . ) in  
pyrid ine  (30 m l.)  w ith  t - b u t y l  hydroperoxide (0 .12  m l.)  gave a 
c lea r  c o lo u r le s s  s o lu t io n  which tu rned  p a le  yellow a f t e r  2 days 
a t 37° and d a rk e r  yellow  a f t e r  7 days. At t h i s  ju n c tu re  
methanol (0 .25 m l.)  was added, and a s im i la r  p ro p o r t io n  to  h a l f  
of the  c o n t ro l  s o lu t io n .  The s o lu t io n s  c o n ta in in g  methanol were 
kept a t  37° f o r  a f u r th e r  2 days w ith  no v i s i b l e  change.
The h a l f  of th e  c o n t ro l  s o lu t io n  w ithou t methanol (16 m l.)  
was d i lu te d  w ith  p y r id in e  (48 m l.)  and th e  polymer p r e c i p i t a t e d  w ith
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ether (400 m l . ) .  The coagu la ted  product was sep a ra te d  by decan ting  
red isso lved  in  ace tone  (80 m l . ) and th e  polymer p r e c i p i t a t e d  w ith  
ether (500 m l . ) ,  f i l t e r e d ,  washed w ith  e th e r  (100 m l.)  and d r ie d  in  
a vacuum d e s ic c a to r  to  a w h ite  powder ( y ie ld  1.4 g . )
The second h a l f  of th e  c o n t ro l  s o lu t io n  (16 m l.)  was 
d ilu ted  w ith  e th e r  (30 m l . ) ,  w ith o u t  producing any t u r b i d i t y ,  and 
added to  more e th e r  (370 m l.)  w ith  s t i r r i n g .  The w h ite  p r e c i p i t a t e  
was r e a d i ly  f i l t e r e d ,  washed w ith  e th e r ,  and d r ie d  in  vacuuo.
The re a c te d  copolymer (F) s o lu t io n  was th e r e f o r e  d i lu te d  
with e th e r  (100 m l .)  and p r e c i p i t a t i o n  e f f e c te d  w ith  more e th e r  
(600 m l , ) .  Again th e  w h ite  p r e c i p i t a t e  was r e a d i ly  f i l t e r e d ,  a lthough  
the f i l t r a t e  was s l i g h t l y  t u r b id .  The polymer was d r ie d  in  vacuuo.
(yield 2.5 g . )  = ( F / l )
7 .7 .3 .2 .  R eac tion  a t  37° in  p y r id in e  = (F /2)
Polymer (3 .00  g . ) ,  p y r id in e  (30 m l.)  and t - b u t y l  hydro­
peroxide (0 .12 m l.)  gave a c l e a r ,  c o lo u r le s s  s o lu t io n  of low 
v isco s i ty .  On being  m ain ta ined  a t  37° the  s o lu t io n  became straw  
coloured a f t e r  6 days and was then  d i lu te d  w ith  l i g h t  petro leum  
(100-120° b o i l in g  range , 20 m l,)  b e fo re  p r e c i p i t a t i n g  the  polymer 
with l ig h t  pe tro leum  (400 m l . ) .  The p r e c i p i t a t e  was r e a d i ly  f i l t e r e d  o f f ,  
washed w ith  l i g h t  pe tro leum  (400 m l.)  and d r ie d  in  vacuuo. The f in e  
white powder ( y ie ld  3.5 g . )  had a f a i n t  odour of p y r id in e ,  and was 
te-d ried  in  vacuum over co n ce n tra te d  su lp h u r ic  a c id  fo r  7 days 
(f in a l  y ie ld  3 .3  g . )  = (F /2 ) ,
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7 .7 .3 .3 .  R eac tion  a t  37°C In  p y r id in e  « (F /3 )
Polymer (3 .00  g . )  in  p y r id in e  (30 m l.)  was s to re d  fo r  
24 hours b e fo re  t - b u t y l  hydroperox ide  (3 .0  m l.)  i n  p y r id in e  (10 m l . )  
was added. The s o lu t io n  was k ep t a t  37° fo r  7 days, by which tim e 
a yellow c o lo u r  had developed; then  th e  polymer was p r e c i p i t a t e d  w ith  
.light pe tro leum  ( b o i l in g  range  100/120° , 500 m l , ) .  The polymer was 
d isso lved  in  a c e t i c  a c id  (50 m l . ) ,  and th e  a d d i t io n  o f  methanol 
(550 m l.)  d id  n o t  cause  p r e c i p i t a t i o n .  The s o lu t io n  was poured in to  
d i s t i l l e d  w a te r  (1200 m l .)  which r e s u l t e d  in  a s l i g h t  r i s e  in  temp­
e ra tu re  due to  h y d ra t io n  o f  th e  polymer and y ie ld e d  a w h ite  c o l l o i d a l  
foamy d is p e r s io n  c o a g u la t in g  to  a g e la t in o u s  p r e c i p i t a t e  which cou ld  
not be f i l t e r e d .  The a d d i t io n  o f  c o n ce n tra te d  h y d ro c h lo r ic  a c id  
(240 m l.)  d es tro y ed  th e  foam and gave a f lo c c u la n t  f l o a t in g  p r e c i p i t a t e  
which was f i l t e r e d ,  washed w i th  d i s t i l l e d  w a te r ,  and d r ie d  in  vacuuo 
over phosphorus p e n to x id e .  = (F /3 ) .
7 .7 .4 . V inv l m ethyl e th e r /m a le ic  anhydride equimolar copolymer (G) 
with t - b u t y l  hydroperox ide  = (G /l)
Polymer (3 .00  g . )  in  p y r id in e  (30.0 g . )  g e l le d  a t  f i r s t  b u t 
dissolved on warming, t h i s  be ing  accompained by a change from c o lo u r ­
less through p in k  to  dark  p u rp le .  This  phenomenon was re p e a te d  on th e  
te s t - tu b e  s c a le .  The a d d i t io n  o f t - b u t y l  hydroperoxide (6 .0  g . )  gave 
temporary l o c a l i s e d  p r e c i p i t a t i o n ,  and on shaking a s l i g h t  r i s e  in  
temperature* In  3 m inutes  th e  c o lo u r  was r a p id ly  d im in ished , b u t  th e
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f in a l  s o lu t io n  was c l e a r  p ink  and s l i g h t l y  v isco u s .  A f te r  12 hours 
at 25° th e  s o lu t io n  had tu rn ed  brown, becoming da rke r  and more v isco u s  
u n t i l  s l i g h t  o p a c i ty  developed a f t e r  6 days, followed by a c l e a r  upper 
layer and lower cloudy la y e r  a f t e r  th e  seventh  day. The only  f u r th e r  
change observed was darkening o f  c o lo u r .  A f te r  28 days a t  25 ° the  
so lu tion  was d i l u t e d  w ith  p y r id in e  (120 g . )  to  r e s t o r e  homogeneity.
The polymer was p r e c i p i t a t e d  w ith  d ie th y l  e th e r  (750 m l.)  and p ossessed  
an orange c o lo u r ;  i t  was f i l t e r e d ,  washed w ith  e th e r  (2 x 250 m l.)  
and d r ied  in  vacuuo over calc ium  c h lo r id e .  The p roduc t was a p a le  
orange-brown, ve ry  f r i a b l e  powder ( y ie ld  4«0 g . )  = (G / l ) .
7.8. EXAMINATION OF MALEIC,ANHYDRIDE COPOLYMERS AND t-BUTYL PERESTERS 
Examination o f  th e se  polymers inc luded  s e v e ra l  a n a l y t i c a l  
procedures and o b se rv a t io n s  o f  p h y s ic a l  c h a r a c t e r i s t i c s  such as 
s o lu b i l i ty  phenomena.
7.8.1. Polymer s o l u b i l i t y
A ll  th e  m ale ic  anhydride  copolymers cons ide red  in  t h i s  
work were s o lu b le  in  p y r id in e ,  and so a ls o  were th e  p a r t i a l  t - b u t y l  
p e re s te r s .  t - B u ty l  hydroperox ide  (72%; in  d i - t - b u t y l  perox ide) was 
a poorer s o lv e n t ,  p a r t i c u l a r l y  a f t e r  p a r t i a l  e s t e r i f i c a t i o n  o f  th e  
maleic anhydride had o ccu rred ;  t h i s  was most p robably  due to  th e  
free ca rb o x y lic  a c id  groups produced.
In  th e  case  o f  equim olar copolymers w ith  s ty re n e  (D) and 
vinyl methyl e th e r  (G), aqueous sodium or ammonium hydroxide gave
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c le a r  c o lo u r le s s  v isco u s  s o lu t io n s  in d ic a t in g  in  th e  case  of (D) 
the absence of s ty re n e  homopolymer or m a le ic - a n h y d r id e -d e f ic ie n t  
copolymers. The copolymers w ith  methyl m e th ac ry la te  (E and F) d id  
not d is so lv e  in  aqueous a l k a l i .
N on-so lvents, f o r  polymer p r e c ip i t a t io n ,  were t e s t e d  fo r  
m i s c ib i l i t y  w ith  p y r id in e  and p y r i d i n e / t - b u t y l  hydroperoxide m ix tu res .  
In gen era l  d i e th y l  e th e r  and l i g h t  petroleum  were found s u i t a b l e .
With the  s ty re n e  copolymers methanol was a l s o  u s e f u l ,  bu t w ith  one 
methyl m e th a c ry la te  copolymer (F) i t  f a i l e d  to  g ive  p r e c i p i t a t i o n  
and w ith  th e  o th e r  (E) r e s u l t e d  in  i n e f f i c i e n t  p r e c i p i t a t i o n  of 
polymer and a consequent poor y ie ld .  G la c ia l  a c e t i c  a c id  was found 
to be an e f f e c t i v e  so lv en t  fo r  a l l  the  polymers, and acetone proved 
useful, fo r  th e  s ty re n e  copolymer (D ) , in  avoid ing  h igh  c o n c e n tra t io n s  
of p y r id in e .  Acetone was a ls o  a so lv en t  fo r  the  o th e r  m ale ic  
anhydride copolymers and could  be used in  a s im i la r  way for: them.-
For subsequent in v e s t ig a t i o n s  th e  s o l u b i l i t y  of polymer 
(D/1) was examined in  e th y l  a c e ta t e ,  a c e t i c  anhydride , n -b u ta n o l  
and iso -p ro p a n o l .  The e s t e r  was a n o n -so lv e n t ,  th e  anhydride air: 
e f fe c t iv e  so lv e n t  c o ld ,  and th e  a lco h o ls  d is so lv ed  the  polymer on 
heating (due to  f u r t h e r  e s t e r i f i c a t i o n )  a lthough  the  a d d i t io n  of 
water r e p r e c i p i t a t e d  polymer from n -b u ta n o l  bu t no t from is o -  
propanol. Polymer (D/3) was so lu b le  in  d ioxan  a t  50° and in  co ld  
te t rah y d ro fu ran . An i n t e r e s t i n g  d i s t i n c t i o n  between p o ly ( s ty re n e -  
a l t-m a le ic  anhydride) and
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the v a r io u s  p a r t i a l  t - b u t y l  p e r e s t e r s  was th a t  th e  l a t t e r  ttere  
in so lu b le  in  ace to n e ; however th e se  polymers were r e a d i ly  s o lu b le  
in acetone to  which a t r a c e  of w a ter  (< 17.) had been added.
A l l  th e  p a r t i a l  t - b u t y l  p e r e s t e r s  of polymer (D) were 
so luble  in  d i l u t e  aqueous a l k a l i e s .
7 .8 .2 . Elem ental ana ly ses
Samples sen t  to  Drs. W eiler and S trau ss  of Oxford fo r  
bgctesgen. a n a ly s i s  were f i n e ly  powdered and d r ie d  in  vacuuo over 
p a ra f f in  wax and phosphorus p en tox ide . The r e s u l t s  a re  g iven  in  
Table 6.
The r e s u l t s  fo r  p o ly ( s ty r e n e - a l t - m a le ic  anhydride) 
sample (D) in d i c a t e  a m ale ic  anhydride c o n ten t  of 51.5% (C alc . 
70.05% C, 4.80% H, found 69.57% C, 5.247. R) comparing w ith  a 
th e o r e t ic a l  v a lu e  of 48.57.. Complete r e a c t io n  to  th e  h a l f  
p e re s te r  would y i e l d  a p roduc t of 28.5570 oxygen co n ten t  from a 
copolymer c o n ta in in g  51.5% m ale ic  anhydride. Polymer (D/3) gave 
the va lue  of 29.257. oxygen fo r  which no adequate e x p lan a tio n  i s  
av a ilab le .  However, th e r e  may be some s ig n i f ic a n c e  in  the  f a c t  
tha t the  e x te n t  of p e r e s t e r i f i c a t i o n  a t  100° shown in  polymer 
(D/4) i s  l e s s  th an  th e  le v e l  a t t a in e d  a t  50° in  polymer (D /3 ); 
at the h ig h e r  tem pera tu re  th e  p e r - e s t e r  would be expected to  
undergo therm al decom position.
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7 .8 .3 .  R e la t iv e  v i s c o s i t i e s
Polymer (D), a t  0 .4  g. p e r  100 ml. s o lu t io n  a t  20°, in  
acetone gave a r e l a t i v e  v i s c o s i t y  of 1 .41, and in  1.0% w/w aqueous 
sodium hydrox ide , 2 .08 . S ince chemical m o d if ic a t io n  of s id e  groups 
in  polymers, f o r  example th e  h y d ro ly s is  of p o ly v in y l  a c e ta t e ,  e f f e c t s  
profound changes in  s o l u b i l i t y  and r e l a t i v e  v i s c o s i t y  c h a r a c t e r i s t i c s ,  
i t  was deemed v a lu e le s s  to  determ ine th e  r e l a t i v e  v i s c o s i t i e s  of th e  
various  p a r t i a l  p e r - e s t e r s  of polymer (D).
7 .8 .4 .  Acid v a lu es
D eterm inations  of a c id  va lues  fo r  polymers (D) and (D/1) 
were a ttem pted  by s o lu t io n  w ith  aqueous ace tone , a d d i t io n  of excess 
aqueous sodium hydrox ide , and back t i t r a t i o n  w ith  h y d ro c h lo r ic  ac id  
using p h en o lp h th a le in  as i n d i c a to r .  Poor end -po in ts  r e s u l t e d ,  and 
i t  was decided  to  i n v e s t i g a t e  e le c t ro m e tr ic  t i t r a t i o n s .
7 .8 .5 . E le c t ro m e tr ic  t i t r a t i o n s
S ev era l  p re l im in a ry  experim ents were conducted w ith  
maleic a c id  and w ith  copolymers. pH was determined by g la s s  e l e c t ­
rode and calom el r e fe re n c e  e le c t ro d e ,  and s o lu t io n s  were s t i r r e d  
mechanically during  t i t r a t i o n .  D i lu te  so lu t io n s  of r e l a t i v e l y  la rg e  
volume were t i t r a t e d  w ith  N. a l k a l i  from sm all b u r e t t e s  to  minimise 
d i lu t io n  e f f e c t s .  S ince n e i t h e r  polymer (D) nor p a r t i a l  p e r e s t e r s  
were so lu b le  in  w a te r  a lo n e ,  d i s s o lu t io n  was e f f e c te d  in  aqueous
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acetone; t h i s  was found p r e f e r a b le  to  p a r t i a l  n e u t r a l i s a t i o n  to  
obtain s o l u b i l i t y  in  w a te r .  Examples o f  e le c t ro m e tr ic  t i t r a t i o n s  
are re p re se n te d  g ra p h ic a l ly  in  F ig u re  1»
Maleic a c id  (0 .489 g . )  in  d i s t i l l e d  w a ter (100 m l.)  
with th re e  drops o f  p h e n o lp h th a le in  was t i t r a t e d  w ith  N. aqueous 
sodium hydroxide from a 10 x 0 .05  ml. b u r e t t e  a t  18° • The i n d i ­
ca to r  changed from c o lo u r le s s  a t  pH 7 .7 .  to  dark p ink  a t  pH 9 .9 .
From th e  graph th e  h a l f  and f u l l - n e u t r a l i s a t i o n  s tag e s  can be seen, 
corresponding to  pH v a lu e s  of 4 .0  and 9 .0  approxim ate ly , th e  l a t t e r  
requ ir ing  8.45 ml. a l k a l i ,  and in d ic a t in g  th e  p u r i t y  o f  th e  sample 
as 99.6%.
P o ly ( s ty r e n e - a l t - m a le ic  anhydride) sample (D) (0.8952 g . )  
was d is so lv ed  in  d i s t i l l e d  w a te r  (50 m l.)  and acetone (25 m l.)  a t  
50° , cooled to  20° and t i t r a t e d  as above. The graph shows an i n ­
flexion a t  pH 8 .5  (4 .70  m l.)  as w e l l  as a t  pH 7.0 (4.15 m l . ) .  The 
former corresponds to  51.57. m ale ic  anhydride assuming h a l f - n e u t r a l -  
i s a t io n  on ly , and i t  i s  to  be no ted  t h a t  a d d i t io n a l  a l k a l i  r e s u l t s  
in a fu r th e r  s lo p e  re p re s e n t in g  f u r th e r  n e u t r a l i s a t i o n  re ta rd e d  by 
buffer a c t io n .
The p a r t i a l  p e r e s t e r  copolymer (D/3) (0.1020 g . ) d is so lv e ^  
in acetone (10 m l . )  and w a te r  (60 m l.)  was t i t r a t e d  a t  20° w ith  
0.1 N. aqeuous sodium hydrox ide . In  t h i s  in s ta n c e  th e  graph i s  a 
smooth curve in d ic a t in g  n e u t r a l i s a t i o n  a t  pH 8.5  (3 .75  m l.)  which 
represen ts  36.0% m ale ic  anhydride assuming h a l f - n e u t r a l i s a t i o n  of
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m aleic u n i ts  and no re a c t io n  w ith  th e  h a l f - p e r e s t i f i e d  u n i t s .  I f  
such assum ptions a re  c o r re c t  i t  would be p o s s ib le  to  c a lc u la te  th e  
p ro p o rtio n  of m ale ic  anhydride u n i ts  which have been h a l f - p e r e s t e r -  
i f i e d .  However, th i s  approach to  th e  problem cannot be co n sid e red  
wholly s a t i s f a c to r y  and c le a r ly  i t  would be p re fe ra b le  to  determ ine 
the p e r e s te r  groups d i r e c t ly .
7 .8 .6 . P ero x id e  d e te rm in a tio n
195As a check on th e  Nozaki method (see  s e c tio n  6 .2 .1 . )  
dibenzoyl p e ro x id e  (d ry  powder su p p lied  by L aporte  L im ited , 0 .5022 g .)  
was d is so lv e d  in  ch lo ro fo rm  (10 m l.)  in  a s toppered  f la s k .  Sodium 
iodide (approx . 1 g . ) was added and d isso lv e d  by s w ir lin g , and th e  
so lu tio n  was s tood  fo r  20 m inutes in  th e  dark . Io d in e  was l ib e r a te d  
im m ediately. D i s t i l l e d  w a ter (50 m l.) was added, and th e  io d in e  was 
t i t r a t e d  w ith  0 . IN. sodium th io s u lp h a te  (40.65 m l .) .  This t i t r e  
corresponds to  a p u r i ty  of 93.0%, comparing favourab ly  w ith  th e  
approximate p u r i ty  quoted by th e  m an u fac tu rers , A re p e a t d e te rm in a tio n  
(sample 0.1786 g . ,  t i t r e  14.55 m l.)  gave th e  p u r i ty  as 98.6%.
t-B u ty l  hydroperox ide  (L aporte  L td . ,  nom inally  72% in  
d i - t - b u ty l  p e ro x id e , 0 .4017 g .)  in  a c e t ic  anhydride (10 m l.)  w ith  
sodium io d id e  (approx . 1 g . ) was k ep t in  th e  dark  fo r  30 m inu tes . 
Chloroform (7 .5  m l.)  and w a ter (25 m l.)  were added b e fo re  t i t r a t i o n  
with 0 .1  N. sodium th io s u lp h a te  (33.40 m . . ) .  A b lan k  t i t r a t i o n  on
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the reag en ts  re q u ire d  le s s  than  0 .0 3  m l. 0 .1  N. sodium th io s u lp h a te .
The p u r i ty  o f th e  t - b u t y l  hydroperox ide was in d ic a te d  as 75.0% a s s ­
uming no d i - t - b u ty l  p e ro x id e  p a r t i c ip a te s  in  th e  r e a c t io n .
Polymer D/1 (0.2578 g . ) ,  a c e t ic  anhydride (10 m l.)  and 
sodium io d id e  (approx . 1 g .) ,  k ep t in  th e  dark  18 h o u rs , when d i lu te d  
with w ater (25 m l.)  and ace to n e  (25 m l.)  b e fo re  t i t r a t i o n  w ith  0 .1  N. 
sodium th io s u lp h a te  (1 .8 0  m l .) ,  gave a cloudy p r e c ip i t a t e  slow ly 
aggregating to  sm all f lo c c u la n t  p a r t i c l e s .  Polymer D/2 (0.7462 g .)  
tre a ted  s im i la r ly  re q u ire d  1.60 m l. th io s u lp h a te  and th e  p r e c ip i t a t e  
aggregated q u ic k ly . A b lank  d e te rm in a tio n  req u ired  0 .3 0  m l. th io ­
su lphate. These t i t r e s ,  c o r re c te d  fo r  th e  b lan k , corresponded  to  
t-b u ty l hydroperox ide  c o n te n ts  o f 5.27. fo r  polymer D/1 and 1.9% 
for polymer D /2, b u t cannot be reg ard ed  as a c c u ra te  s in ce  th e  polym ers 
were no t com pletely  so lu b le  in  a c e t ic  anhydride .
P re lim in a ry  experim ents w ith  polymer (D) and p a r t i a l  
t-b u ty l p e r e s te r s  in d ic a te d  th e  d i f f i c u l t y  in  fin d in g  a s u i ta b le  
n on -reac tiv e , w a te r  im m iscib le  so lv en t fo r  th e  polymers bo th  b e fo re  
reaction  w ith  sodium io d id e  and during  subsequent t i t r a t i o n s  w ith  sodium 
th io su lp h a te . Chloroform  was a n o n -so lv en t fo r  polymer (D ), whereas 
acetic  anhydride was e f f e c t iv e ;  th e  polymer rem ained so lu b le  in  
1:1 m ixture b u t was p r e c ip i ta te d  when th e  re a c tio n  m ix tu re  was d i lu te d  
with w ater. S o lid  polym er was found to  absorb io d in e , th u s  lead in g  
to t i t r a t i o n s  o f u n s a t i s f a c to r y  accuracy . Polymer (D/1) was in s o lu b le  
in both a c e t ic  anhydride  and ch lo ro fo rm , b u t slow ly so lu b le  in ' a 1:1!.
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m ixture; in  t h i s  e ase  a lso  polymer p r e c ip i ta t io n  and io d in e  abso rp ­
tio n  were observed on d i lu t in g  w ith  w a te r . F re sh ly  d i s t i l l e d  
(b .p , 116° ) com m erical m ethyl i s o -b u ty l  ketone used in  p la c e  o f 
chloroform  fo r  th e  a n a ly s is  o f d i-b en zo y l p e ro x id e  w ith  60- m inutes 
reac tio n  tim e gave a v a lu e  o f 98.17. fo r  p u r i ty ;  w ith  t - b u ty l  hydro­
peroxide a brown c o lo u r was produced, and a f t e r  75 m inutes r e a c t io n  
period a poor en d -p o in t was o b ta in e d , g iv in g  a v a lu e  o f under 607. 
for p u r i ty .
Polymer (D) (0.5050 g .)  d is so lv e d  in  m ethyl is o -b u ty l  
ketone (15 m l.)  and a c e t ic  anhydride (15 m l.)  w ith  sodium io d id e  
(approx. 1 g . )  in  th e  dark  fo r  90 m inutes re q u ire d  0 .20  m l. 0 .1  N. 
sodium th io s u lp h a te  a f t e r  d i lu t io n  w ith  w a te r , a llow ing  fo r  a b lank  
t i t r e  of 0 .90  m l. The polymer rem ainded d is so lv e d  in  th e  non-aqueous 
layer, b u t th e  s o lu t io n  was c loudy . The t i t r e  corresponded  to  n e g l i ­
g ib le  pe ro x id e  c o n te n t , as should  be th e  case .
Polymer (D /1) (0 .4610 g .)  was in s o lu b le  in  m ethyl i s o ­
butyl ketone (15 m l.)  w ith  a c e t ic  anhydride (15 m l.)  b u t th e  a d d it io n  
of chloroform  (15 m l.)  e f fe c te d  n e a r ly  com plete s o lu tio n . A fte r  a 
reaction  p e rio d  o f 100 m inutes d i lu t io n  w ith  w ater r e s u l te d  in  a 
stab le  em ulsion which was d i f f i c u l t  to  t i t r a t e .  An e f f e c t iv e  t i t r e  
of 6.10 ml. 0 .1  N, sodium th io s u lp h a te  corresponded to  11.97. t - b u ty l  
hydroperoxide. On s tan d in g  two la y e rs  were produced and some s o l id  
polymer s e p a ra te d , b u t th e re  was no evidence o f absorbed io d in e .
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This was n o t a very  s a t i s f a c to r y  e s tim a tio n  o f p e ro x id e  c o n te n t , b u t 
s u f f ic ie n t  to  dem onstrate  a marked d if fe re n c e  from polymer (D). The 
figu re  o f 11.9% t - b u ty l  hydroperox ide  fo r  polymer (D/1) in  r e l a t io n  
to a m aleic  anhydride  c o n ten t o f 51.57. fo r  polymer (D) in d ic a te d  
32.4% m o n o -p e re s te r if ic a t io n  o f th e  a v a ila b le  m aleic  anhydride u n i t s .
An a l t e r n a t iv e  p rocedure  fo r  th e  d e te rm in a tio n  o f l ib e r a te d  
iodine was in v e s t ig a te d .  In s te a d  o f t i t r a t i o n  w ith  aqueous sodium 
th io su lp h a te  th e  non-aqueous s o lu tio n  was p laced  in  one c e l l  o f a 
simple a b so rp tio m e te r (Evans E lec tro se len iu m  L im ited ); t h i s  o b v ia ted  
d i f f i c u l t i e s  due to  th e  p r e c ip i t a t io n  o f polymer or th e  need to  i n t r o ­
duce any so lv en t o th e r  than  a c e t ic  anhydride . T his in s tru m en t i s  
provided w ith  g la s s  c e l l s  o f p a th - le n g th  up to  100 m.m. maximum and 
a s e le c tio n  o f I l f o r d  l i g h t  f i l t e r s  in  th e  emergent beam. D i f f i c u l t i e s  
asso c ia ted  w ith  t h i s  approach in c lu d ed  th e  obnoxious n a tu re  o f a c e t ic  
anhydride, even when th e  c e l l s  were covered by m icroscope s l id e s  to  
reduce ev ap o ra tio n , th e  extrem e s e n s i t i v i t y  o f th e  tech n iq u e  making 
i t  necessary  to  work a t  h igh  d i lu t io n s  when th e  a b so rp tio n  fo r  b lank  
determ inations became s ig n i f i c a n t ,  and th e  n o n - l in e a r i ty  o f tra n sm iss io n  
with io d in e  c o n c e n tra tio n  in  a c e t ic  anhydride .
Z»8.7. S a p o n if ic a tio n
In  aqueous o r a lc o h o lic  s o lu tio n  excess a lk a l i  would be 
expected to  sap o n ify  p e r e s te r s  o f m ale ic  copolym ers, ju s t  as o rd in a ry  
este rs  may be s a p o n if ie d . Polymers (D) and (D/1) were sap o n if ie d
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with aqueous sodium hydrox ide , bu t on back t i t r a t i o n  w ith  hydro­
c h lo ric  a c id , u sing  p h e n o lp h th a le in  dLs in d ic a to r ,  very  poor end­
po in ts  were o b ta in ed . In  a lc o h o lic  po tassium  hydroxide bo th  polymer 
(D) and polymer (D/1) were in s o lu b le  u n t i l  w ater was added in  excess 
of 50% o f th e  t o t a l  volume o f th e  s o lu t io n ;  again  i n d i s t i n c t  end­
po in ts were o b ta in ed  on back t i t r a t i o n ,  M aleic a c id  and m ale ic  
anhydride re f lu x e d  w ith  excess aqueous sodium hydroxide and back 
t i t r a t e d  w ith  h y d ro c h lo ric  a c id  gave sharp end*poin ts w ith  pheno l­
p h th a le in  co rrespond ing  to  p u r i t i e s  o f  100,2% and 98,9% re s p e c t iv e ly .
7 ,8 ,8 , Non-aqueous t i t r a t i o n  w ith  m ethano lic  potassium  hydroxide
M o n o -e s te r if ic a tio n  w ith  po tassium  m ethoxide was examined 
for the  e s tim a tio n  o f m ale ic  anhydride u n i ts  in  copolymers*
The p o ly (m ethy l m e th a c ry la te -c o -m a le ic  an h y d rid e ), F,
(1,0362 g*) was d is so lv e d  in  ace tone  (p r e -n e u tr a l is e d  reag en t g rad e ,
50 m l.) and t i t r a t e d  w ith  0.2325 N m ethano lic  po tassium  hydroxide 
(4,25 m l.)  u s in g  p h en o lp h th a le in  as in d ic a to r .  On th e  b a s is  of 
h a l f - n e u t r a l i s a t i o n /h a l f - e s t e r i f i c a t i o n  th i s  in d ic a te s  a m ale ic  
anhydride c o n te n t o f 9.35%.. S ince th e  monomer m ix ture  co n ta in ed  
16,4% m aleic  anhydride  and th e  co n v ersion  to  polymer was ap p a ren tly  
81%, then about 57%. o f th e  m ale ic  anhydride was po lym erised . T his 
te n ta tiv e  c o n c lu s io n  i s  in  q u a l i t a t iv e  agreem ent w ith  th e  r e l a t i v e  
r e a c t iv i t i e s  o f th e  two monomers,.
The po ly (m ethy l m e th a c ry la te -c o -m a le ic  a n h y d rid e ), E,
(1,2540 g f ) t r e a te d  s im i la r ly  d id  n o t d is so lv e ^  as r e a d i ly  as polymer F.
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I t  re q u ired  0.2325 N m ethano lic  potassium  hydroxide (1 .30  m l.)  
corresponding to  2.37% m ale ic  anhydride compared w ith  4.677> a v a i la b le .  
On th is  b a s is  about 51% of th e  m ale ic  anhydride polym erised  in  
re la tio n  to  an o v e ra l l  conversion  to  polymer o f 757>.
In  th e  case  of th e  p o ly ( s ty re n e -a l t-m a le ic  an h y d rid e ), D, 
(0.1600 g .)  in  acetone  (75 m l.)  ra p id  d is s o lu t io n  was o b ta in ed  and 
n e u tr a l is a t io n  re q u ire d  0.2325 N. m ethano lic  po tassium  hydroxide 
(4.15 + 0 .05  m l .) .  Here a cloudy p r e c ip i t a t e  was formed during  
t i t r a t i o n ,  which in v a l id a te s  th e  r e s u l t  of 59.1% m ale ic  anhydride .
7 .8 .9 . Non-aqueous t i t r a t i o n  w ith  sodium m ethoxide
For ex p erim en ta l e v a lu a tio n  of th e  F r i t z  and L is ic k i
240method (se e  s e c t io n  6 .2 .1 . )  sodium m ethoxide was p rep ared  by 
d isso lv ing  c lea n  sodium (3 .0  g .)  in  m ethanol (re a g e n t g rad e , 100 m l.)  
under a n i tro g e n  atm osphere to  exclude carbon d io x id e , d i lu t in g  to  
125 ml. w ith  m ethanol and adding benzene (re a g e n t g rad e , 750 m l.) .
A w hite cloudy s o lu t io n  r e s u l te d  and th i s  was rendered  p r a c t i c a l ly  
c lear by a d d i t io n a l  m ethanol (25 m l.)  and s to re d  in  a s to p p ered  
b o ro s il ic a te  f la s k  under n i tro g e n . Thymol b lu e  (0 .010 g .)  was 
d issolved in  m ethanol (10 m l .) .  In  a s e r ie s  of t i t r a t i o n s  acetone  
or p y rid in e  (20 m l.)  was used as so lv en t fo r  th e  sample and a 
t i t r a t io n  of e i th e r  so lv e n t a lone  re q u ire d  only 0 .05  ml. of 
reagent to  g iv e  a sharp  s ta b le  en d -p o in t w ith  thymol b lu e . I t  
was th e re fo re  concluded th a t  n itro g e n  purg ing  during  t i t r a t i o n  was 
not necessa ry . R e su lts  a re  summarised in  T able  7.
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From th e  t i t r a t i o n s  o f benzoic a c id  th e  sodium m ethoxide 
so lu tio n  was computed as 0.1489 N, 0.1471N, 0.1467 N and 0 .1461 N 
(Mean v a lu e  0.1472 N .) On th i s  b a s is  th e  e q u iv a le n t w eigh ts were 
c a lc u la te d  and a re  compared in  Table 8 w ith  th e  th e o r e t ic a l  v a lu e s . 
C itr ic  a c id  and p h th a l ic  a c id  show good agreem ent, w h ile  th e  low 
experim ental v a lu es  fo r  th e  anhydrides may be ex p la in ed  by the  
im purity of th e  g rades used. The r e s u l t s  se rv e  to  confirm  th e  
a p p l ic a b i l i ty  o f th e  method fo r  th e  d e te rm in a tio n  of a c id  an h y d rid es.
For th e  la r g e s t  sample of polymer (D) th e  t i t r e  in d ic a te s  
53% m aleic an h y d rid e , fo r  polymer (E) 3.7% m aleic  anhydride , and fo r  
polymer (F) 9.6% m ale ic  anhydride . In  th e  case  of polymer (E /1) the  
t i t r e  re p re se n ts  u n reac ted  m ale ic  anhydride u n i ts  p lu s  th e  a c id  groups 
accompanying h a l f - p e r e s t e r i f i c a t i o n ,  b u t s in ce  th e  p re p a ra t io n  of th i s  
sample from polymer (E) invo lved  c o n s id e ra b le  lo s s e s , any deductions 
about e x te n t o f p e r e s t e r i f i c a t i o n  would be in v a l id .  When polymer (D/1) 
was examined i t  proved in s o lu b le  in  anhydrous acetone and in  p y r id in e  
gave no s a t i s f a c to r y  e n d -p o in t.
7 .8 .10. I n f r a - r e d  Spectroscopy
I n f r a - r e d  s p e c tra  were ob ta ined  in  th e  reg io n  2.5-15fi by 
means of a P erk in -E lm er In f ra c o rd  137 double-beam re co rd in g  sp ec tro *  
photometer. L iqu id  samples were co n ta in ed  in  c e l l s  w ith  sodium c h lo r id e  
windows, w h ile  polym er specimens were o b ta in ed  as film s on MI r t r a n - 2 "  
discs by ev ap o ra tio n  of so lv e n t . Copies of th e  s p e c tra  a re  to  be 
found a t  th e  end of th e  ex p erim en ta l s e c tio n .
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S p e c tra  8 to  11 a re  fo r  p a r t i a l  t - b u ty l  p e r e s te r s  o f 
p o ly (s ty re n e -a l t-m a le ic  an h y d rid e ). Polymers D/5 and D/6, p re ­
pared in  p y r id in e  s o lu t io n  show a h igh  le v e l  o f g e n e ra l a b so rp tio n , 
the one p rep a red  a t  th e  h ig h e r tem pera tu re  (D/6) being  w orse.
Polymers D/9a and D/9b p rep a red  in  acetone  s o lu tio n  show le s s  g e n e ra l 
ab so rp tio n , and th e re  i s  no ev idence o f d if f e re n c e  due to  longer 
re a c tio n  tim e fo r  D/9b. In  none o f th e se  s p e c tra  i s  th e re  any s ig n  
of an a b so rp tio n  peak a t  1 1 .6p which m ight be a t t r ib u te d  to  t - b u ty l  
p e re s te r .
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7.9. GRAFT COPOLYMERISATIONS
P re lim in a ry  experim ents were concerned w ith  a s c e r ta in in g  
su ita b le  secondary monomers and so lv e n ts  fo r  g r a f t in g .  I t  was 
d e s irab le  to  avoid  system s in  which p o ly m e risa tio n  was t o t a l l y  
in h ib ite d .b y  th e  s o lv e n t ,  and e q u a lly , th o se  in  which spontaneous 
hom opolym erisation occu rred  too  r e a d i ly .  A f u r th e r  f a c to r  in  th e  
s e le c tio n  o f monomers was ease  of s e p a ra tio n , f r a c t io n a t io n ,  and 
id e n t i f ic a t io n  o f th e  sp e c ie s  r e s u l t in g  from p o ly m e risa tio n .
Follow ing  upon p re lim in a ry  experim ents in  which 2 -v in y l 
p y rid in e , N -v in y l-2 -p y rro lid o n e  and m ethacrylam ide were r e je c te d  
as u n su ita b le  monomers, n -b u ty l  m e th a c ry la te , m e th ac ry lic  a c id , 
v in y lid en e  c h lo r id e ,  a c r y l o n i t r i l e  and m ethyl m e th a c ry la te  were 
examined in  g r e a te r  d e t a i l ,  and th e  r e s u l t s  a re  d e sc rib ed  in  th e  
follow ing s e c t io n s .
7 .9 .1 . n -B u ty l m e th a c ry la te
The monomer ( I .C . I .  L td .)  was washed tw ice w ith  5% aq&eous 
sodium hydroxide -to remove th e  q u in o l p o ly m erisa tio n  in h ib i to r ,  then  
th r ic e  w ith  w a te r , d r ie d  w ith  anhydrous calcium  c h lo r id e , f i l t e r e d  
and f r a c t io n a l ly  d i s t i l l e d  under reduced p re s su re . 80% d i s t i l l e d  a t  
52-53°/13 mm. and was r e ta in e d  fo r  u se . Toluene ( re a g e n t g rad e , 
Petrochem icals L td .)  was d r ie d  w ith  anhydrous calcium  c h lo r id e  and 
f i l t e r e d .
The components (se e  T able 9) were p laced  in  ”Q u ic k fit"  
bo ilin g  tubes f i t t e d  w ith  w a te r-co o led  re f lu x  condensers c a rry in g
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g lass  rod  s t i r r e r s .  Toluene ensured  re f lu x in g  a t  a c o n s ta n t 
tem peratu re  above 100° to  g iv e  a rea so n ab le  decom position r a t e  
of th e  p e r e s te r  polym ers s in c e  t - b u ty l  hydroperoxide i t s e l f  de­
composes slow ly  below 100° • The tubes were h ea ted  a t  120-125° 
fo r 3 hours in  an o i l  b a th , w ith  c o n s ta n t re f lu x in g  o f  th e  c o n te n ts . 
The p e r e s te r  polym ers w ere n o t d is so lv e d  b u t p a r t i a l l y  d isp e rse d  
and sw ollen . At th e  end o f r e a c t io n  th e  tubes were a ir - c o o le d  and 
the c o n te n ts  a llow ed to  s e t t l e  fo r  24 h o u rs . (D/1) re q u ire d  th e  f u l l  
time to  s e t t l e ,  w h ile  (D/2) s e t t l e d  in  3 hours and th e  c o n tro l  
remained a c le a r  s o lu t io n .  C onversion was determ ined by evapor­
a tio n  o f sam ples w ith  added q u in o l in  weighed P e t r i  d ish es  a t  120° 
fo r 2 h o u rs .
The co n v ers io n  f ig u re s  o b ta in ed  r e f e r  to  th e  polymer 
so lu tio n  a f t e r  s e t t l i n g .  T here i s  no doubt th a t  more p o ly (n -b u ty l 
m eth acry la te ) was a s s o c ia te d  w ith  th e  u n d isso lv ed  p e r e s te r  polym ers, 
probably in  g ra f te d  form as u n g ra fte d  homopolymer would be expected  
to  remain in  to lu e n e  s o lu t io n .  I t  was assumed th a t  none o f  th e  
p e re s te r  polym ers was s o lu b le  in  to lu e n e  and th a t  so lu b le  polymer 
was e n t i r e ly  n -b u ty l  m e th a c ry la te  homopolymer. No f u r th e r  exam ination  
of f r a c t io n s  was c a r r ie d  o u t in  th i s  in s ta n c e , bu t th e  s e t  o f  r e s u l t s  
in d ica te s  q u i te  c le a r ly  th e  e f f e c t iv e  i n i t i a t i o n  o f p o ly m e risa tio n  
of n -b u ty l m e th a c ry la te  as  compared w ith  th e  c o n tro l .  There i s  a lso  
an in d ic a t io n  th a t  p e r e s te r  polymer (D/1) was more e f f e c t iv e  than
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(D /2), which i s  in  q u a l i t a t iv e  agreement w ith  th e  com parative , even 
i f  in a c c u ra te , v a lu e s  o f 57. and 27. t - b u ty l  hydroperox ide e q u iv a le n t 
re sp e c tiv e ly  (se e  s e c tio n  7 .8 .6 . )
7 .9 .2 . M eth ac ry lic  Acid
M eth ac ry lic  a c id  ( I .C . I .  L td . ,  copper in h ib i te d )  was 
d i s t i l l e d  a t  a tm ospheric  p re s su re  and th e  f r a c t io n  b o i l in g  160-163° 
c o lle c te d  fo r  u se . Monomer (1 .524  g .)  polymer D/1 (0 .0 7 6 2 ), w a te r 
(13.7 m l.)  and ace to n e  (5 d rops) were hea ted  in  a screw -cap 2 oz. 
b o t t le  (w ith  p o ly e th y le n e  wad) a t  50° fo r  7 days. The polym er D/1 
was in s o lu b le  in  th e  monomer as such, and when th e  w a ter was added; th e  
acetone e f fe c te d  only  p a r t i a l  s o lu t io n . During p o ly m e risa tio n  th e  
so lu tio n  became cloudy a f t e r  2 days, and opaque a f t e r  6 days. The 
f in a l  s o lu t io n  c o n ta in ed  no u n d isso lv ed  polymer D/1 and gave a s ta b le  
foam on shak ing . A sample (1.9572 g .)  w ith  q u in o l (0 .0158 g .)  
evaporated a t  120° fo r  1 hour gave a re s id u e  (0.0768 g .)  co rrespond ing  
to 3.12% s o l id s  c o n te n t a f t e r  a llow ing  fo r  added q u in o l. A c o n tro l  
po ly m erisa tion  w ith o u t i n i t i a t o r  gave zero  polymer c o n te n t. On r e ­
heating  a t  50° fo r  a fu r th e r  23 days th e re  was no ap p aren t change.
The s o lid s  c o n te n t in c re a se d  to  3.487. and th e  c o n tro l s t i l l  gave 
zero polymer c o n te n t.
The f i n a l  s o l id s  c o n ten t o f 3.48% corresponded to  0.50% 
o r ig in a l polym er D/1 p lu s  2.98% p o ly (m e th ac ry lie  a c id ) re p re se n tin g  
29.67. co n v ers io n . T h is  i s  a fu r th e r  in d ic a t io n  o f th e  i n i t i a t i o n  o f
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p o ly m erisa tio n  by polymer D/1* F urtherm ore , s in ce  under com parable 
co n d itio n s  hydrogen p ero x id e  o r po tassium  p e rsu lp h a te  g iv e  a c le a r  
gel or v isco u s  s o lu t io n  o f p o ly (m e th a c ry lic  a c id ) ,  th e  low v is c o s i ty  
s tab le  d is p e r s io n  produced in  t h i s  experim ent i s  a d i s t i n c t  in d ic a t io n  
of th e  o ccu rrence  of g r a f t in g ;  t h i s  i s  fu r th e r  s u b s ta n t ia te d  
by the  f a c t  th a t  w h ile  polymer D/1 was n o t com pletely  d is so lv e d  a t  th e  
the beginn ing  o f th e  experim ent, none rem ained u n d isso lv ed  a t  th e  end.
7 .9 .3 . V in v lid en e  C h lo rid e
V in y lid en e  c h lo r id e  (I .C .X . L td . ,  thymol in h ib i te d )  was 
d i s t i l l e d  from a C la ise n  f la s k .  The f r a c t io n  b o il in g  30,5-33*5°
(nominal b .p . 31.7° ) was c o l le c te d ,  b u t re p re se n te d  only about 60% 
of the monomer ta k en , th e  rem ainder being  p r in c ip a l ly  h ig h e r b o il in g  
m a te r ia l. The f r a c t io n  used had no odour o f thym ol, and was employed 
immediately a f t e r  d i s t i l l a t i o n .
G la c ia l  a c e t ic  a c id  was used as so lv en t 
for the  p e r e s te r  polym er in  o rd e r to  ach ieve  homogeneity b e fo re  
g ra f tin g  o ccu rred , s in c e  v in y lid e n e  c h lo r id e  homopolymer i s  in s o lu b le  
in  most s o lv e n ts ,  and would be p r e c ip i ta te d  as formed.
7 .9 .3 .1 .  V in y lid en e  C h lo ride  S e rie s  1 (T able 10)
In  a d d it io n  to  th e  u su a l c o n tro l experim ent w ith o u t i n i t i a t o r  
another was run  u s in g  d i-b en zo y l p e ro x id e  to  p rov ide  a re fe re n c e  sample 
of poly (v in y lid e n e  c h lo r id e ) .  P o lym erisa tions were conducted in  2 oz.
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screw-cap b o t t l e s  (w ith  p o ly e th y len e  wads) h ea ted  in  a w a te r b a th  
a t 25 + 0 ,1 °  .
The suspension  was f i l t e r e d  a t  th e  pump and th e  s o l id  c o l le c te d  
on a ta re d  s in te r e d  g la s s  c ru c ib le  (No. 3 p o r o s i ty ) ,  washed tw ice  
with g la c i a l  a c e t ic  a c id  (10 m l.)  and tw ice w ith  d ie th y l  e th e r  
(10 m l.) ,  then  d r ie d  a t  50° fo r  20 h o u rs . The y ie ld  o f homopolymer 
VDC 3 (0.4434 g .)  re p re se n te d  4.4% co n v ersio n ; th e  f i l t r a t e  was c le a r  
and c o lo u r le s s  and gave no p r e c ip i t a t e  w ith  excess e th e r .
The g r a f t  copolymer VDC 2 was too  f in e  to  be r e ta in e d  on 
the f i l t e r ,  b u t th e  a d d it io n  o f excess e th e r  (100 m l.)  gave a dense 
white p r e c ip i t a t e  which was f i l t e r e d  o f f  s a t i s f a c t o r i l y .  A fte r  washing w ith  
e ther (2 x 10 m l.)  and d ry ing  a t  50° fo r  20 hours th e  polymer y ie ld  
was 0.5243 g. A llow ing fo r  th e  s t a r t i n g  polymer D/3 (0 .500 g .)  th e  
conversion was only  0.24%. The f i l t r a t e  was n e a r ly  c le a r  and c o lo u r­
less and gave no p r e c ip i t a t e  w ith  excess e th e r .
7 .9 .3 .2 .  V in y lid en e  C h lo rid e  S e rie s  I I  (T able 11)
For f u r th e r  s e r ie s  o f v in y lid e n e  c h lo r id e  p o ly m e risa tio n  
the monomer was d i s t i l l e d  in  n itro g e n  a t  a tm ospheric  p re s su re  (b .p .
31.0-31.5° ) w ith  a y ie ld  o f 70%. P o ly m erisa tio n  was e f fe c te d  in  
2 oz. b o t t l e s  w ith  screw -caps and p o ly e th y len e  wads; a i r  was removed 
by purging w ith  n i t ro g e n ;  h e a tin g  wqs by th e rm o s ta t ic a l ly  c o n tro l le d  
oven a t  50 +  1° .
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Each b o t t l e  was shaken and th e  c o n ten ts  poured in to  
d ie th y l e th e r  (re a g e n t g r a d e , ,80 m l.)  and th e  b o t t l e  r in s e d  out 
tw ice w ith  p o r tio n s  (10 m l.)  o f e th e r .  The polymer was sep a ra te d  
by f i l t r a t i o n  on ta re d  s in te r e d - g la s s  c ru c ib le s  (No. 3 p o ro s ity )  
a t th e  w a te r pump, washed w ith  e th e r  (2 x 25 m l .) ,  and w ith  th e  
exception o f VDC 4 , d r ie d  in  vacuum oven a t  40° fo r  3 days w ith  
re -ev acu a tio n  to  about 1 mm fo r 2 hours on each day.
VDC 4 was n o t co ag u la ted  by e th e r  and th e  f i l t r a t e  being  
cloudy, was d i lu te d  to  75 ml. A 5 ml. p o r tio n  of t h i s  l iq u o r  on 
evaporation  fo r  1 hour a t  120° y ie ld e d  a re s id u e  o f 0 .0012 g . polymer 
corresponding to  0 .018 g . in  th e  t o t a l  f i l t r a t e .  The polymer r e ta in e d  
in  the  c ru c ib le  weighed 0.0060 g . The t o t a l  y ie ld  o f polymer 
(0.024 g .)  corresponded  to  only  0.487. co n version .
VDC 5 was co ag u la ted  s l ig h t ly  w ith  e th e r ,  f i l t e r e d  slow ly , 
but gave a c le a r  f i l t r a t e .  The y ie ld  o f 1.2305 g . ,  a f t e r  a llow ing  
for the  po lym eric i n i t i a t o r ,  re p re se n te d  a conversion  o f 7.37..
VDC 6 was co ag u la ted  s l ig h t ly  w ith  e th e r ,  f i l t e r e d  slow ly , 
and a lso  gave a c le a r  f i l t r a t e .  The y ie ld  o f 0.8930 g . , a f t e r  
allow ing fo r  th e  po lym eric i n i t i a t o r ,  re p re se n te d  a conversion  o f 3.97..
VDC 7, th e  homopolymer, was n o t fu r th e r  co ag u la ted  by 
e th e r, i t  was re a d i ly  f i l t e r e d  o f f ,  and gave a c le a r  f i l t r a t e .  The 
y ie ld  of 2.3344 g . corresponded  to  23.37. co n v ersio n .
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A ll th e  polym ers were w h ite , th e  homopolymers being  
powders, w h ile  th e  g r a f t  copolym ers were lumps. The a n a ly s is  o f 
VDC 5, VDC 6, and VDC 7 i s  re p o r te d  in  s e c tio n  7 .1 0 .1 . The con­
sid erab ly  g r e a te r  co n v ersio n  in  th e  case  o f VDC 5 as compared w ith  
VDC 6 may be a t t r i b u t e d  to  th e  p re p a ra t io n  o f th e  p e r e s te r  polymer 
i n i t i a t o r s  D/5 and D/6 a t  25° and 50° r e s p e c t iv e ly .  T h is  suggested  
a g re a te r  p e r e s te r  c o n ten t fo r  th e  polymer p rep ared  a t  25° ,  presum ably 
due to  th e  g r e a te r  decom position o f p e r e s te r  polymer a t  50° , and i s  to  
be r e la te d  to  th e  o b se rv a tio n s  on th e  g e n e ra l p ro p e r t ie s  o f th e se  
polymers (se e  s e c tio n  7 .7 .1 .5 .  and 7 .7 .1 .6 . )
7 .9 .3 .3 .  V in y lid en e  C h lo rid e  S e rie s  I I I  (T ab le  12)
T h is  s e r ie s  was conducted on a sm alle r s c a le ,  u sing  1 oz. 
b o tt le s  and n i tro g e n  purg ing  fo r  b o th  th e  f r a c t io n a t io n  o f monomer, 
and p o ly m e risa tio n  a t  5 0 + 1 °  •
In  each case  (ex cep t VDC 13) p r e c ip i ta t io n  was com pleted 
with e th e r  (100 m l.)  b u t where n ecessa ry  (VDC 10, 12, 14) th e  b o t t l e  
was r in se d  w ith  a c e t ic  a c id  to  remove polymer (10, 5 and 5 m l.)  and 
ex tra  e th e r  was used  p ro p o r t io n a te ly  (100, 50 and 50 m l. r e s p e c t iv e ly ) .  
The c o n tro l experim en t, VDC 8, gave no p r e c ip i ta te . .  F i l t r a t i o n  was 
e ffec ted  as in  s e c tio n  7 .9 .3 .2 .  and in  a l l  cases  th e  f i l t r a t e  was 
c le a r . The p ro d u c ts  were d r ie d  fo r  7 days in  vacuuo.
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The h igh  co n v ersio n s  a t ta in e d  using  polym ers D/8a and 
D/8f suggest a p p re c ia b le  p e r e s t e r i f i c a t i o n  in  th e se  c a s e s , b u t a re  
d i f f i c u l t  to  re c o n c ile  w ith  th e  com plete la ck  o f i n i t i a t i n g  a c t i v i t y  
of polymer D /8c, a f r a c t io n  taken  during  th e  p e r e s t e r i f i c a t i o n  re a c t io n  
between sam ples D/8a and D /8 f. However, w h ile  th e  i n i t i a l  s o lu b i l i ty  
c h a r a c te r i s t ic s  o f th e  th re e  polym ers were s im ila r ,  a f t e r  24 hours a t  
50° polymer D/8c had com pletely  d is so lv e d . In  c o n tr a s t ,  polymer 
D/5 gave a c le a r  s o lu t io n  in i t i a l l y *
Polymer G /l  gave no evidence o f i n i t i a t i o n  o f p o ly m e risa tio n  
of v in y lid e n e  c h lo r id e ,  and rem ained a t  l e a s t  p a r t i a l l y  u n d isso lv ed  
throughout th e  experim ent.
7 .9 * 3 .4 . V in y lid en e  C h lo rid e  S e rie s  IV (T able  13)
In  t h i s  s e r ie s  polym ers (D) and (F ) , th e o r e t ic a l ly  f r e e  
from p ero x id e  o r  p e r e s te r  g roups, were in c lu d ed  as a d d i t io n a l  c o n tro ls .
1 oz. b o t t l e s  w ere used , and a i r  was d isp la c e d  by n itro g e n  b e fo re  
sealing  and h e a tin g  a t  50 + 1° •
E th e r (150 m l.)  was used fo r  each p r e c ip i t a t io n ,  and a l l  
the f i l t r a t e s  w ere c l e a r .  The e ther-w ashed  p roducts  were d r ie d  in  
the oven a t  50° fo r  24 h o u rs ; a l l  y ie ld e d  w h ite  powders.
In  t h i s  s e r ie s  th e  i n i t i a t i n g  a c t i v i t y  o f th e  r e p r e c ip i ta t e d  
polymer D/8a* (VDC 17) was le s s  th an  th a t  o f th e  t - b u ty l  hydroperox ide 
(VDC 20); t h i s  i s  in  c o n tr a s t  w ith  th e  g re a te r  r e l a t i v e  a c t i v i t y  o f  
polymer D/8a (VDC 10) in  s e r ie s  I I I ,  even though th e  l a t t e r  was a lre ad y
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tw ice p r e c ip i ta te d .  Both polym ers D and F showed no g r e a te r  polym er­
is a t io n  o f v in y lid e n e  c h lo r id e  th an  th e  c o n tro l ,  though in  th e  case  
of polym ers F and F / l  th e  s l i g h t  lo s s  in  w eight i s  p robab ly  due to  
th e ir  p a r t i a l  s o lu b i l i t y  in  e th e r .  I t  may th e re fo re  be concluded 
th a t where p a r t i a l  p e r e s te r  polym ers i n i t i a t e  s u b s ta n t ia l  polym er­
is a t io n  t h i s  i s  a r e a l  e f f e c t  due to  th e  p resen ce  o f p e r e s te r  
groupings. The lack  o f p o ly m e risa tio n  w ith  polymer F / l  su g g ests  
th a t no p e r e s t i f i c a t i o n  had o ccu rred .
7 .9 .4 . A c r v lo n i t r i le
The monomer ( I . C . I . , L t d . ) d r ie d  over anhydrous sodium 
su lp h a te , was d i s t i l l e d  a t  a tm ospheric  p re s s u re , and th e  f r a c t io n  
b .p . 73-74° was c o l le c te d .  H andling o f th e  monomer was c a r r ie d  ou t 
ex c lu s iv e ly  in  th e  fume cupboard in  view o f th e  to x ic i ty  o f a c r y l o n i t r i l e  
( i . e i  . v in y l  cyanide)..
I n i t i a l  experim ents were conducted w ith  s o lu tio n s  in  
g la c ia l  a c e t ic  a c id  (re a g e n t g ra d e ) , b u t l a t e r  aqueous s o lu tio n  was 
used (S e r ie s  IV ).
7 .9 .4 .1 .  A c r v lo n i t r i l e  S e r ie s  I  (T able 14)
2 oz. screw -cap b o t t l e s  w ith  p o ly e th y len e  wads w ere used 
for th is  s e r i e s ,  and th e  p o ly m e risa tio n  tem p era tu re  was i n i t i a l l y  
25 + 0 .1 °  , th en  50 + 1° (w ater b a th  and oven, r e s p e c t iv e ly ) .
I t  was concluded th a t  polymer D/3 (p rep a red  a t  50° ) 
had no a c t i v i t y  as p o ly m e risa tio n  i n i t i a t o r  in  t h i s  system .
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7 .9 .4 .2 .  A c rv lo n i t r i le  S e r ie s  I I  (T able  15)
As in  s e r ie s  I ,  screw -cap b o t t l e s  were u sed , b u t polym er­
is a t io n  was commenced a t  50° • Polymer D was in c lu d ed  a s  an a d d i t io n a l
c o n tro l.
From th e se  experim ents i t  was ev id en t th a t  polym ers D/5 
and D/6 would n o t i n i t i a t e  p o ly m e risa tio n  o f a c r y l o n i t r i l e  in  a c e t ic  
acid  s o lu t io n .  T h is i s  in  c o n tr a s t  to  t h e i r  a c t i v i t y  tow ards v in y l­
idene c h lo r id e  in  a c e t ic  a c id  s o lu t io n  (se e  s e c tio n  7 .9 .3 .2 . ) .  I t  i s  
to  be n o ted  th a t  th e  p e r e s te r  polymer p rep a red  a t  25° (D /5) was
com pletely s o lu b le , w hereas th e  one p rep a red  a t  50° (D /6) was n o t
com pletely s o lu b le .
In  view  o f th e  i n a c t iv i t y  o f polym ers D/5 and D /6, no 
s ig n if ic a n c e  can be a tta c h e d  to  la ck  o f p o ly m erisa tio n  w ith  polym er D.
7 .9 .4 .3 .  A c r v lo n i t r i le  S e r ie s  I I I  (T able 16)
In  t h i s  f u r th e r  s e r i e s ,  th e  le v e l  o f d i-b en zo y l p e ro x id e
was reduced from th e  custom ary 0.57. by w eight on monomer to  0*1%,
while th e  le v e l  o f  p e r e s te r  polym er (D /8a) was m ain ta ined  a t  5%.
Here i t  i s  c l e a r  th a t  th e  e f f e c t  o f  a low le v e l  o f 
d i-benzoyl p e ro x id e  as i n i t i a t o r  i s  in h ib i te d ,  presum ably by t r a c e  
im p u ritie s . N e v e r th e le s s , polym er D /8a, th e  most e f f e c t iv e  p e r e s te r  
polymer o f th o se  examined w ith  v in y lid e n e  c h lo r id e  (se e  s e c tio n
7 .9 .3 .3 .) ,  was h e re  q u i te  in a c t iv e .
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7 .9 .4 .4 .  A c r v lo n i t r i le  S e rie s  IV (T able 17)
In  t h i s  s e r ie s  "redox" i n i t i a t i o n  in  aqueous s o lu t io n  
a t  60° was employed. Sodium form aldehyde su lp h o x y la te  ("Form osul", 
supp lied  by B ro th e rto n  L td . ,  a t  107> on i n i t i a t i n g  polymer w eigh t) 
was used as w a te r -so lu b le  reduc ing  a g en t, f e r r i c  iro n  ( a t  10 p a r t s  
per m il l io n  on t o t a l  s o lu t io n  w eigh t) as c a t a ly s t ,  and th e  p e r e s te r  
polymer (o r  polym er D fo r  th e  e x tra  c o n tro l  experim ent) was taken  
in to  aqueous s o lu t io n  w ith  sodium hydrox ide . The pH was a d ju s te d  
to  approxim ate n e u t r a l i t y .  For th e  c o n tro l  experim ent w ith o u t polym er 
p re se n t, a c e t ic  a c id  was used  to  p ro v id e  a com parable io n ic  s tre n g th  
a t n e u tr a l  pH. An a d d i t io n a l  experim ent (AN 16), w ith o u t a l k a l i  b u t 
using t - b u t y l  hyd ro p ero x id e , was c a r r ie d  out to  p ro v id e  a u th e n tic  
a c r y lo n i t r i l e  homopolymer. The a c r y l o n i t r i l e  was tw ice  d i s t i l l e d  
(b .p . 7 6 .0 -  76 .5° ) and each 2 oz. r e a c t io n  b o t t l e  was c a r e f u l ly  
blown w ith  h ig h  p u r i ty  n itro g e n  b e fo re  s e a lin g  w ith  a screw -cap 
and p o ly e th y len e  wad.
The polym ers w ere f i r s t  d is so lv e d  to  g iv e  c le a r  aqueous 
so lu tio n s  a t  20° • The a d d itio n  o f th e  monomer re s u l te d  in  a cloudy 
soltju ion, b u t on warming to  60° fo r  1 hour a l l  th e  s o lu tio n s  became 
c le a r . The s o lu t io n s  were m ain ta in ed  a t  60° fo r  20 h o u rs , w ith o u t 
evidence o f  p o ly m e ris a tio n , b e fo re  th e  iro n  was added; t h i s  caused 
tra n s ie n t  p r e c ip i t a t i o n ,  b u t th e  s o lu tio n s  q u ick ly  c l a r i f i e d  and 
remained c le a r  fo r  a f u r th e r  5 hours b e fo re  th e  reducing  agen t was added.
Then w ith in  a few m inutes t u r b i d i ty  was observed . A fte r  4 hours 
p o lym erisa tion  tim e th e  c o n te n ts  o f each b o t t l e  were poured jfcnto 
b o ilin g  d i s t i l l e d  w a te r (100 m l . ) ,  r in s e d  w ith  w a ter (3 x 20 m l . ) ,  
and th e  whole b o ile d  fo r  10 m inutes to  remove unpolym erised a c ry lo n ­
i t r i l e .  A f te r  cooling^ 0 .1  N. h y d ro c h lo ric  a c id  (20 m l.) was added 
with no r e s u l t ,  b u t N. h y d ro c h lo ric  a c id  (20 m l.)  co ag u la ted  th e  
d isp ers io n  in  th e  cases  o f AN 14 and AN 15. A m oderate p r e c ip i t a t e  
was produced w ith  AN 13, b u t only  a t r a c e  w ith  AN 12. The p ro d u c ts  
were f i l t e r e d  on p ap er (Whatman No. 4 ) ,  g iv in g  c le a r  f i l t r a t e s ,  and 
were washed w ith  d i s t i l l e d  w ater- u n t i l  th e  pH o f th e  w ashings reached  
5.5. The s o l id s  w ere th en  washed in to  ta re d  beakers w ith  d i s t i l l e d  
water and d r ie d  in  a c i r c u la t in g  fan  oven a t  80° fo r  48 h o u rs . The 
polymers w ere o f f -w h ite  in  c o lo u r .
From t h i s  s e r ie s  i t  can be  seen t h a t  th e  p e r e s te r  polym ers 
D/9a and D/9b a re  e f f e c t iv e  p o ly m e risa tio n  i n i t i a t o r s  in  th e  aqueous 
redox p o ly m e risa tio n  o f a c r y l o n i t r i l e ,  w hereas polymer D i s  in e f f e c t iv e .  
I t  i s  of i n t e r e s t  t h a t  polym er D/9b, th e  p ro d u c t o f a lo n g er p e r e s te r ­
i f ic a t io n  r e a c t io n ,  i s  only  s l i g h t ly  more a c t iv e  th an  polymer D /9a.
D e ta i ls  o f a n a ly s is  a re  reco rded  in  s e c tio n  7 .1 0 .2 .
7.9.5,. M ethvl M eth ac ry la te
The monomer was p u r if ie d  as described in  sec tio n  7 .1 .1 .  
Acetone was employed as so lv en t fo r  both p erester  polymers 
(warm) and m ethyl m ethacrylate homopolymers; i t  was th ere­
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fore a n t ic ip a te d  th a t  any g r a f t  copolymers formed would rem ain s o lu b le , 
thus m a in ta in in g  an homogeneous p o ly m erisa tio n  system , in  c o n tr a s t  
w ith th e  e a r l i e r  p o ly m e risa tio n s  u sing  v in y lid e n e  c h lo r id e  and a c ry lo n ­
i t r i l e .  A ll  p o ly m e risa tio n s  were c a r r ie d  ou t in  1 oz. screw -cap 
b o t t le s  w ith  p o ly e th y le n e  wads, and a t  50 + 1° in  a th e rm o s ta t ic a l ly  
c o n tro lle d  oven.
The polym eric  p ro d u c ts  were n o t i s o la te d ,  b u t fu r th e r  
p o ly m erisa tio n  o f r e s id u a l  m ethyl m e th a c ry la te  was in h ib i te d  by th e  
ad d itio n  o f q u in o l, and th e  s o lu tio n s  were d i lu te d  to  a s tan d a rd  volume. 
A sm all known volume o f such s o lu tio n s  was evaporated  to  d ryness a t  
120° fo r  30 m inu tes in  a c i r c u la t in g - f a n  oven in  o rd e r to  compute 
polymer y ie ld  and co n v ers io n .
7 .9 .5 .1 .  M ethyl m e th a c ry la te  S e r ie s  I  (T ab le  18)
Polym er D/9a was used a t  two c o n c e n tra tio n s  to  determ ine
the e f f e c t  o f t h i s  param eter on th e  e x te n t o f g r a f t in g .
7 .9 .5 .2 .  M ethyl m e th a c ry la te  S e rie s  I I  (T ab le  19)
Polym er D/9b was used a t  h a l f  th e  c o n c e n tra tio n s  o f polymer
D/9a (MMA S e rie s  I )  in  view  o f i t s  expected  h ig h e r a c t i v i t y .
I t  was n o ted  th a t  th e  i n i t i a l  s o lu b i l i ty  o f polymer D/9b 
was b e t t e r  th an  th a t  o f polym er D/9a (MMA S e rie s  I )  under com parable 
co n d itio n s ; t h i s  r e s u l t  would fo llow  from a g re a te r  degree o f 
p e r e s te r i f i c a t io n .
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In  t h i s  s e r ie s  th e  conversion  v a lu es  were h ig h e r th an  
fo r MMA S e r ie s  I ,  in c lu d in g  th a t  fo r  th e  c o n tro l ,  in  s p i t e  o f 
nom inally id e n t i c a l  c o n d itio n s  o f p o ly m e risa tio n . T h e re fo re  
the conversion  w ith  MMA 2 cannot be compared w ith  th a t  fo r  MMA 6 
in  o rd e r to  deduce in fo rm atio n  on th e  r e l a t i v e  a c t i v i t i e s  o f polym ers 
D/9a and D/9b.
7 .9 .5 .3 .  M ethyl M eth ac ry la te  S e r ie s  I I I  (T able  20)
T h is  s e r ie s  o f experim ents was designed  to  check w hether 
p o ly m erisa tio n  would be i n i t i a t e d  by polymer D, and w hether g r a f t in g  
to  polymer D would occur i f  p o ly m e risa tio n  was i n i t i a t e d  by t - b u t y l  
hydroperoxide.
The co n v ersio n  o b ta in ed  w ith  MMA 8 i s  th e  low est fo r  a l l  
the m ethyl m e th a c ry la te  p o ly m e risa tio n s  in  th e se  s e r i e s ,  and n o ta b ly  
lower th an  th a t  o f  th e  c o n tro l  MMA 7; i t  may th e re fo re  be concluded 
th a t polymer D has an in h ib i t in g  e f f e c t  r a th e r  than  in i t i a t i n g  
a c t iv i ty .
7 .9 .5 .4 .  M ethyl m e th a c ry la te  homopolymer m ix tu re  MMA 10
For th e  purpose o f checking th e  a b i l i t y  o f th e  polymer
f r a c t io n a tio n  p ro ced u re  (se e  s e c tio n  7 .1 0 .)  to  s e p a ra te  m ethyl meth­
a c ry la te  homopolymer from p a r t i a l  p e r e s te r  polym ers d e riv ed  from 
p o ly (s ty re n e -a l t-m a le ic  an h y d rid e ), a m ix tu re  was p rep ared  as fo llo w s , 
and d e sig n a ted  MMA 1 0 :-
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(Polymer D/9b 0 .1 0  g.
(
(Polymer s o lu t io n  MMA 4 50 .0  ml.
The l a t t e r  had lo s t  a l i t t l e  so lv e n t du ring  s to ra g e , so i t s  s o l id s  
con ten t was red e term in ed  as 2.40% w/v im m ediately p r io r  to  u se .
Thus th e  r a t i o  o f  polym er D/9b to  MMA 4 i s  0 .100 to  1 .2 0 ; t h i s  i s  
of th e  same o rd e r o f  m agnitude as th e  r a t i o  o f p e r e s te r  polym ers to  
methyl m e th a c ry la te  po lym erised  in  MMA 2, 3, 5 and 6 . However, i t  
was no ted  th a t  polym er D/9b d is so lv e d  on ly  slow ly in  s o lu tio n  MMA 4 , 
and f i n a l l y  gave a tu rb id  s o lu tio n  in  c o n tr a s t  to  th e  c le a r  s o lu t io n s  
obtained  when m ethyl m e th a c ry la te  was po lym erised  in  th e  p resen ce  o f 
p e re s te r  polym ers.
7.10 ANALYSIS OF GRAFT COPOLYMERS AND CONTROLS
‘ The more d e ta i le d  a n a ly s is  c o n s is te d  o f f r a c t io n a t io n  and 
c h a r a c te r is a t io n  o f a c r y l o n i t r i l e  g r a f t  copolymer s e r ie s  IV and m ethyl 
m ethacry la te  g r a f t  copolym er s e r ie s  I ,  I I  and I I I  to g e th e r  w ith  th e  
re le v an t c o n tr o ls .  L im ited  an a ly se s  o f v in y lid e n e  c h lo r id e  g r a f t  
copolymer s e r ie s  I I  w ere a ls o  c a r r ie d  o u t.
2 .1 0 .1 . V in y lid en e  C h lo rid e  S e r ie s  I I
Samples d r ie d  in  vacuuo over phosphorus p en to x id e  and 
p a ra ff in  wax shav ings w ere se n t to  Dr. B ernhard t o f Mulheim, fo r  
ch lo rid e  an a ly s is*  The r e s u l t s  a re  quoted in  T able 21*
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Comparison o f th e  v in y lid e n e  c h lo r id e  c o n ten t by a n a ly s is  
and deduced from polym er y ie ld  shows good agreem ent fo r  VDC 5 and 
f a i r ly  good agreem ent fo r  VDC 6. The c h lo r in e  c o n te n t found fo r  VDC 7, 
the homopolymer, ag rees  w ith  th e  th e o r e t i c a l  f ig u re  o f  73.14%,
7 .10 .2 . A c r v lo n i t r i le  S e r ie s  IV
I n i t i a l  f r a c t io n a t io n  o f polym ers AN 12 -  15 was o b ta in ed  
by s e le c t iv e  e lu t io n  in  view  o f  th e  r e l a t i v e  i n s o lu b i l i ty  o f  po ly  
a c r y lo n i t r i l e ;  th e  homopolymer AN 16 was n o t f r a c t io n a te d  b u t used 
for re fe re n c e  p u rp o ses . (Spectrum  12). The r e s u l t s  o f th e  f r a c t io n a t io n  
procedure a re  summarised in  T ab le  22.
The f i r s t  e x t r a c t io n  o f th e  powdered polym ers was w ith  
acetone (20 m l.)  and w a te r (5 m l.)  under r e f lu x  fo r  15 m in u tes ; t h i s  
mixture was a  known so lv e n t fo r  polym ers D, D/9a and D/9b, b u t n o t a 
solvent fo r  p o ly a c r y lo n i t r i l e .  Polymer AN 12 was u n a ttack ed  w h ile  
polymer AN 13 d is so lv e d  slow ly  to  g iv e  a c le a r  s o lu t io n  w ith  no re s id u e . 
Polymers AN 14 and AN 15 were p a r t i a l l y  d isp e rse d , as ty p ic a l  o f  a  
g ra ft copolym er. The l iq u o rs  were decan ted  when c o o l; th e  re s id u e s  
were washed w ith  ace to n e  (20 m l.)  th e  w ashings be ing  added to  th e  
decanted l iq u o rs  which w ere f i n a l ly  d i lu te d  w ith  ace to n e .
The second e x t r a c t io n s ,  a p p lie d  only to  palymors 
^  14 and AN 15, c o n s is te d  o f a r e p e t i t io n  o f th e  f i r s t  e x tra c t io n s  w ith  
aqueous ace to n e . On s tan d in g  fo r  24 hours l iq u o r  AN 14/1 showed v ery  
s lig h t sed im ent, AN 15/1 m oderate sed im ent, AN 14/2 very  s l i g h t  sed im ent,
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and AN 15/2 s l i g h t  sed im ent, b u t in  no case  was th e  deposition^ o f 
sediment accompanied by c l a r i f i c a t i o n  o f th e  l iq u o r .  In  th e se  fo u r 
cases th e  sam ples were c e n tr ifu g e d  a t  4000 r .p .m . fo r  20 m inutes and 
decanted, th e  s ta b le  d is p e rs io n  liq u o rs  being  examined fo r  s o l id s  
con ten t by e v ap o ra tio n  o f a p o r tio n  a t  120° fo r  30 m in u tes , w h ile  
the sedim ents were added to  th e  re s id u e s  AN 14/3 and AN 15/3 r e s p e c t­
iv e ly .
R esidues AN 14/3 and AN 15/3 were fu r th e r  e x tra c te d  tw ice  
by b o il in g  te tra h y d ro fu ra n  (10 m l.)  and th e  decanted  coo led  l iq u o rs  
combined and d i lu te d  w ith  te tra h y d ro fu ra n  (AN 14/4 and AN 1 5 /4 ).
F in a l  e x tra c t io n s  w ith  d im ethyl formamide r e s u l te d  in  
complete d is s o lu t io n  w ith  th e  ex cep tio n  o f a few g e la t in o u s  (c ro s s -  
linked) p a r t i c l e s  and th e  r e s u l t in g  s o lu tio n s  were fu r th e r  d i lu te d  
w ith th i s  s o lv e n t fo r  p o ly a c r y lo n i t r i l e  (AN 14/5 and AN 1 5 /5 ).
In  th e  cases  o f AN 14/5 and AN 15 /5 , 20 m l. p o r t io n s  were 
fu r th e r  d i lu te d  w ith  n o n -so lv e n ts  fo r  p o ly a c r y lo n i t r i l e  in  an a ttem p t 
a t f r a c t io n a l  p r e c ip i t a t i o n ,  b u t no p r e c ip i ta t io n  cou ld  be induced , even 
w ith w a te r , and only  a s ta b le  f a in t  tu r b id i ty  developed, in d ic a t in g  th e  
probable p re sen ce  o f g r a f t  copolym er. The f in a l  so lv e n t com position  was 
dimethyl formamide (30 m l . ) ,  ace tone  (80 m l .) ,  w a ter (10 m l.) .
I n f r a - r e d  s p e c tra  were o b ta in ed  fo r  most f r a c t io n s  
(Spectra 13-22) and may be compared w ith  th o se  fo r  a c r y l o n i t r i l e  homo­
polymer (Spectrum  12) and polym er D (Spectrum  5 ) . In  some in s ta n c e s  
the polymer re q u ire d  th e  use  o f  te tra h y d ro fu ra n  o r d im ethy l formamide
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to  o b ta in  a s u i ta b le  con tinuous f ilm  on uI r t r a n - 2 n d is c s .  These 
so lven ts  a re  n o t r e a d i ly  evapo ra ted  from polymer f i lm s , p a r t i c u l a r ly  
dim ethyl formamide in  c o n ju n c tio n  w ith  polym ers c o n ta in in g  c a rb o x y lic  
acid side-groupSo T h e re fo re  s p e c tra  23 and 24 o f th e se  so lv e n ts  
must be co n sid e red  along w ith  th o se  o f th e  polym er f r a c t io n s ,  and 
peaks b e lie v e d  due to  so lv e n t r e te n t io n  a re  in d ic a te d  on th e  s p e c tra .  
While i t  was n o t p o s s ib le  to  o b ta in  q u a n t i ta t iv e  com positions by t h i s  
method, T ab le  22 in c lu d e s  s e m i-q u a n t ita t iv e  in fo rm atio n  d e riv e d  from 
in f ra - re d  a n a ly s is .
Polymer AN 12/2 c o n ta in s  a c r y lo n i t r i l e  b u t th e re  i s  no 
evidence o f s ty re n e , w h ile  AN 13/1 g iv e s  a spectrum  (No, 14) ve ry  
s im ila r  to  t h a t  o f polym er D (No. 5 .)  and w ith  no evidence o f a c ry lo n ­
i t r i l e ,  The f r a c t io n s  d e riv e d  from polymer AN 14 show in c re a s in g  
a c r y lo n i t r i l e  c o n te n ts ,  b u t a l l  have an a p p re c ia b le  s ty re n e  c o n te n t;  
th is  would su g g est th a t  g ra f t in g  has occurred  to  v a ry in g  d eg rees , b u t 
th a t p r a c t i c a l l y  no a c r y l o n i t r i l e  has homopolymerised. A s im ila r  p a t te r n  
occurs w ith  polym er AN 15, b u t h e re  th e  le v e l  of a c r y lo n i t r i l e  i s  
g en era lly  s l i g h t l y  h ig h e r .
7 .10 .3 , M ethvl M eth ac ry la te  S e r ie s  I  (T ables 23 and 24)
100 m l. p o r t io n s  ( i . e .  h a l f )  o f th e  acetone  s o lu tio n s  o f 
polymers MMA 1 - 3  were su b je c te d  to  f r a c t io n a l  p r e c ip i t a t io n ,  u s in g  
small volumes o f A.R. m ethanol as th e  i n i t i a l  p r e c ip i ta t in g  n o n -so lv en t 
for po ly (m ethy l m e th a c ry la te ) . The whole p ro cess  was c a r r ie d  ou t in  a 
constant tem p era tu re  room (25 + 1° ) .  A fte r  each f r a c t io n  had s e t t l e d
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the su p e rn a ta n t l iq u o r  was removed by d ecan tin g , and th e  re s id u e  was 
washed w ith  m ethanol which was then  in c lu d ed  in  th e  n ex t a d d itio n  o f 
p r e c ip i ta n t  to  th e  decan ted  l iq u o r . The washed p r e c ip i t a t e  was d i s ­
solved in  ace to n e  to  a known volume, a p o r tio n  used fo r  th e  d e term in ­
a tio n  o f s o l id s  c o n te n t by d ry ing  a t  120° fo r  30 m in u tes , and th e  
rem aining s o lu t io n  was used fo r  in f r a - r e d  and o th e r  a n a ly se s ; where 
the f r a c t io n  was v e ry  sm all th e  d r ie d  polymer was re d is so lv e d  fo r  
I.R , a n a ly s is .  The p rocedu re  and r e s u l t s  a re  summarised in  th e  t a b le s .
As was to  be ex p ec ted , th e  f r a c t io n s  d e riv ed  from MMA 1 
showed no ev idence o f s ty re n e  c o n ten t from th e  in f r a - r e d  s p e c tra .  W ith 
both MMA 2 and MMA 3 th e  f i r s t  two f r a c t io n s ,  amounting to  58 and 
56 % o f th e  t o t a l  r e s p e c t iv e ly ,  gave no in d ic a tio n  o f s ty re n e , b u t 
the rem aining f r a c t io n s  co n ta in ed  s ty re n e , th i s  p ro v id in g  ev idence o f 
g ra f t  co p o ly m erisa tio n . S ince th e  c o n ten t o f polymer D/9a in  MMA 2 
and MMA 3 was about 9 and 14 % r e s p e c t iv e ly ,  c o n s id e ra tio n  o f th e
fra c tio n s  c o n ta in in g  s ty re n e  (by I .R . a n a ly s is )  lead s  to  th e  co n c lu s io n  
th a t th e  mean c o n ten t o f m ethy l m e th a c ry la te  in  g r a f t  copolymer was 
85% fo r MMA 2 and 66% fo r  MMA 3.
From th e  s p e c tra  i t  can be seen th a t  f r a c t io n s  MMA 2/4
and MMA 3/4  c o n ta in  r e l a t i v e l y  more s ty re n e  copolymer than  f r a c t io n s
MMA 2/3  and MMA 3 /3  r e s p e c t iv e ly .  The very  sm all f r a c t io n  MMA 2/5
shows- le s s  s ty re n e .
The reco v ery  o f polymer in  th e  t o t a l  f r a c t io n s  was 100 +
2% fo r a l l  th re e  polym ers in  th i s  s e r ie s .
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The q u a n tity  o f  m ethyl m e th a c ry la te  homopolymer produced 
in  MMA 2 and MMA 3 was g re a te r  than  in  th e  c o n tro l  w ith o u t i n i t i a t o r ,  
MMA 1. T h is su g g es ts  th a t  th e  polym eric i n i t i a t o r  induces homopoly­
m e risa tio n  as w e ll as g r a f t  co p o ly m erisa tio n .
The r a t i o  o f g r a f t  co p o ly m erisa tio n  to  hom opolym erisation, 
or th e  g ra f t in g  e f f ic ie n c y ,  fo r  th i s  s e r ie s  was 0 .7 2  fo r  MMA 2 and 
0.78 fo r  MMA 3.
7 .1 0 .4 . M ethyl M eth ac ry la te  S e rie s  I I
Here 100 m l. p o r tio n s  o f th e  acetone  s o lu tio n s  re p re se n te d  
40% o f th e  t o t a l  a v a i la b le .  The p rocedure  follow ed was as d e sc rib e d  
in  s e c tio n  7 .1 0 .3 . (See T ab le  2 5 ). A n a ly tic a l r e s u l t s  a re  summarised 
in  T able 26.
Again th e  c o n tro l  p o ly m e risa tio n  w ith o u t i n i t i a t o r  gave 
no evidence o f s ty re n e  by a b so rp tio n  a t  14|a fo r  any o f th e  f r a c t io n s .  
With MMA 5 , based  on a lower amount o f polymer D/9b than  was employed 
w ith  polymer D/9a in  S e r ie s  I ,  only two f r a c t io n s  were o b ta in e d , th e  
g ra f t  copolymer f r a c t io n  MMA 5 /2  predom inating  and g iv in g  a spectrum  
showing a r e l a t i v e l y  low s ty re n e  c o n te n t. Polymer MMA 6, as f a r  as 
the le v e l  o f i n i t i a t o r  i s  concerned , p rov ides a com parison o f polym ers 
P/9a and D/9b when i t  i s  co n sid e red  along w ith  polymer MMA 2; th e  
p ro p o rtio n  o f m ethyl m e th a c ry la te  homopolymer was about 58% fo r  
both MMA2 and MMA 6. The mean c o n ten t o f m ethyl m e th a c ry la te  in  th e
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g r a f t  copolymer f r a c t io n s  was 93% fo r  MMA 5 and 83%. fo r  MMA 6. The 
homopolymer produced w ith  MMA 5 was about 54% o f  th a t  produced in  
the  u n in i t i a t e d  c o n tro l  MMA 4 , w h ile  fo r  MMA 6 th e  p ro p o r tio n  was 
about 105%; t h i s  su g g es ts  t h a t  more g r a f t  co p o ly m erisa tio n  r e l a t i v e  
to  hom opolym erisation o ccu rred  in  s e r ie s  I I  than  in  s e r ie s  I .  The 
polymer reco v ery  fo r  th e  f r a c t io n s  from MMA 4 , MMA 5 , and MMA 6 was 
94, 96, 96% re s p e c t iv e ly .
The g r a f t in g  e f f ic ie n c y  was 1.35 fo r  MMA 5 and 0 .7 2  fo r  
MMA 6. The l a t t e r  f ig u re  i s  id e n t i c a l  w ith  th a t  fo r  MMA 2.
7 .1 0 .5 . M ethyl M eth ac ry la te  S e rie s  I I I  and MMA 10
Polymer MMA 7, th e  m ethyl m e th ac ry la te  u n in i t i a t e d  homo­
polymer c o n tro l  fo r  s e r ie s  I I I ,  was n o t f r a c t io n a te d .
Polym ers MMA 8, 9 , and 10 were f r a c t io n a te d  as w ith  s e r ie s
I  and I I ,  u s in g  m ethanol as th e  i n i t i a l  p r e c ip i ta n t .  The r e s u l t s  a re
summarised in  T ab les  27 and 28.
Polymer MMA 8 y ie ld  was 1.83 g. in c lu d in g  0 ,5 0  g, o f 
polymer D. I t s  com p o sitio n , in  th e  absence o f g r a f t  copolym erisation, 
would th e re fo re  be 72.5% po ly (m ethy l m e th ac ry la te ) and 27*57. polymer D* 
On f r a c t io n a t io n  about 46% was f r e e  from s ty re n e , on th e  b a s is  o f 
in f r a - re d  a b so rp tio n  ev idence , w h ile  54% co n ta in ed  some s ty re n e . 
Comparison w ith  th e  f r a c t io n a t io n  o f th e  m ix tu re  o f polym ers MMA 10, 
would su ggest t h a t  a  l im ite d  degree o f g ra f t-c o p o ly m e ris a tio n  had 
occurred ; t h i s  co n c lu s io n  i s  com patib le  w ith  th e  o b se rv a tio n  th a t
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the  p o ly m e risa tio n  o f m ethyl m e th a c ry la te  was a p p a ren tly  re ta rd e d  
by th e  p re sen ce  o f polymer D as compared w ith  th e  u n in i t i a t e d  c o n tro l  
MMA 7. An approxim ate average com position o f th e  f r a c t io n s  c o n ta in in g  
sty ren e  i s  51% polymer D and 49% m ethyl m ethacry late*  The 
recovery  o f polym er MMA 8 from a l l  f r a c t io n s  was 997,.
Polymer MMA 9 y ie ld  was 6 .63  g. in c lu d in g  0 .5 0  g . o f 
polymer D. I t s  com position , in  th e  absence o f g r a f t  co p o ly m erisa tio n , 
would th e re fo re  be 92.5% po ly (m ethy l m e th ac ry la te ) and 7.5% polym er D. 
On f r a c t io n a t io n  about 78% was f r e e  from s ty re n e , w h ile  22% 
con tained  some s ty re n e , p ro v id in g  evidence o f some g r a f t  copolym er­
is a t io n  o c c u rr in g . An approxim ate average com position  o f th e  fractions 
co n ta in in g  s ty re n e  i s  347. polymer D and 66%, po ly (m ethy l meth­
a c r y la te ) .  Comparison w ith  th e  d a ta  fo r  polymer MMA 8 in d ic a te d  
th a t w h ile  th e  t o t a l  co n v ersio n  o f m ethyl m e th ac ry la te  in  MMA 9 was 
about 5 tim es g r e a te r ,  th e  p ro p o r tio n  g r a f t  copolym erised was only  
about 1 .7  tim es g r e a te r .  T h is com parison can be exp ressed  in  term s 
of g ra f t in g  e f f ic ie n c y ;  fo r  polymer MMA 8 th e  f ig u re  i s  1 .2  w h ile  
for polymer MMA 9 i t  i s  0 .4 7 . The recovery  o f polymer MMA 9 from a l l  
f ra c tio n s  was 96%.
Polymer MMA 10 co n ta in ed  92.3% po ly (m ethy l m e th a c ry la te )  
and 7.7% polym er D/9b. F ra c tio n s  1-5 f re e  from s ty re n e  by in f r a - r e d  
ab so rp tio n , accounted  fo r  9 3% poly (m ethy l m e th a c ry la te ) . F ra c tio n  
6 gave a spectrum  (No. 65) showing s tro n g  s ty re n e  a b so rp tio n  and 
c lo se ly  resem bling  th a t  o f polymer D/9b (No. 11 .)
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I t  i s  th u s  c le a r  th a t  th e  f r a c t io n a t io n  p rocedure  i s  
capable o f  e f f e c t in g  s u b s ta n t ia l  s e p a ra tio n  o f m ethyl m e th a c ry la te  
homopolymer from a p a r t i a l  t - b u ty l  p e r e s te r  of p o ly ( s ty r e n e - a l t -  
m aleic anhydride)*  The reco v ery  o f polymer MMA 10 from a l l  f r a c t io n s  
was 99%.
7 .1 0 .6  L im it o f d e te c tio n  by in f r a - r e d  a n a ly s is  o f p o ly s ty re n e  
in  g r a f t  copolym ers
S ince th e  in f r a - r e d  tech n iq u e  employed was i n s u f f i c i e n t ly  
q u a n t i ta t iv e ,  an a ttem p t was made to  e s ta b l i s h  th e  l im i t  o f d e te c t io n  
of p o ly s ty re n e  on a s e m i-q u a n t i ta t iv e  b a s is .  S o lu tio n s  o f po ly (m ethy l 
m e th acry la te ) and polym er D in  ace tone  w^re mixed to  g iv e  polym er D 
con ten ts  o f 10% and 2.5% w/w^ th e  m ix tu res w ere a i r - d r i e d  to  g iv e  
film s on I r t r a n  d is c s ,  as p re v io u s ly , and th e  ab so rp tio n  s p e c tra  
ob ta ined . Spectrum  66 fo r  107, polymer D shows a d i s t i n c t  ab so rp tio n  
fo r s ty re n e  a t  about 14jj. when th e  peak a t  13.3}! shows an absorbance 
of 0 ,5^ spectrum  67 fo r  2.5% polym er D shows sm all a b so rp tio n  fo r  
s ty rene  a t  14}! when th e  peak a t  13.3}! shows an absorbance o f 0 .3 5 .
I t  may be assumed th e re fo re  th a t  2.5% polymer D in  any g r a f t  f r a c t io n  
may be d e te c te d  p ro v id ed  a f ilm  o f adequate th ic k n e ss  i s  employed 
for th e  a n a ly s is .
-  176
7 .1 0 .7 . P y ro ly s is  and g a s - l iq u id  chrom atography
The m ethyl m e th a c ry la te  g r a f t  co p o ly m erisa tio n  f r a c t io n s  
MMA3/1, MMA3/2, MMA3/3 and MMA3/4, to g e th e r  w ith  a homopolymer 
c o n tro l f r a c t io n  MMA1/1 and polym ers (D) and (D /9a) w ere examined 
by p y ro ly s is  in  c o n ju n c tio n  w ith  g a s - l iq u id  chrom atography. The 
apparatus and tech n iq u e  d e sc rib e d  by Jones and M o y le s ^ ^  were 
employed, u s in g  a Pye Argon Gas Chromatograph in c o rp o ra tin g  a 
S trontium  90 source  fo r  th e  io n is a t io n  d e te c to r .  Acetone was 
used as so lv e n t to  f a c i l i t a t e  a p p lic a t io n  o f th e  samples a t  
0.35-2.347. w/w c o n c e n tra tio n  to  th e  p y ro ly s is  f ila m e n t. The 
chromatograph column was packed w ith  100-120 B .S .S . mesh a c id -  
washed ,fC e l i te H 545 c a r ry in g  10% w/w "Embaphase" s i l ic o n e  o i l  
w ith gas flow o f 30 m l./m in . and tem p era tu re  95°. The d e te c to r  
p o te n t ia l  1250 v o l t s ,  a t te n u a t io n  10 x , and th e  re c o rd e r  (10 
m il l iv o l t  f u l l  s c a le  d e f le c t io n ,  2 second sweep) was s e t  up 
with a c h a r t  speed o f 15 in ches p e r  hou r. S ince th e  samples 
applied  were o f only approx im ate ly  known w eight (20-30 fig) th e  
chromatograms cannot be compared q u a n t i ta t iv e ly ,  b u t th e  peaks 
due to  m ethyl m e th a c ry la te  and s ty re n e  monomers a re  marked (see  
Figures 2 -4 ) and t h e i r  id e n t i ty  was confirm ed by th e  r e te n t io n  
times of a u th e n t ic  monomer sam ples.
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TABLE 2
234R e la t iv e  R e a c t iv i t ie s  o f some Monomers 
w ith  M aleic Anhydride
Monomer M^ r l r 2 T ° C
M ethyl a c r y la te 2 . 8  +  0 . 0 5 0 . 0 2 7 5
M ethyl m e th a c ry la te 6 . 7  ±  0 . 0 2 0 . 0 2 7 5
it it 3 . 5 0 . 0 3 6 0
S tyrene 0 . 0 1 0 6 0
it 0 . 0 2 0 6 0
it 0 . 0 4 2  +  0 , 0 0 8 0 8 0
V inyl a c e ta te 0 , 0 5 5  +  0 . 0 1 5 0 . 0 0 3 7 5
it it 0 . 0 7 2  +  0 . 0 4 0 . 0 1
V inyl c h lo r id e 0 . 2 9 6  +  0 . 0 7 0 . 0 0 8 7 5
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TABLE 3
Q u a n ti ta t iv e  E lem ental A nalyses of 
s ty re n e /m e th y l m e th a c ry la te  copolymers
Polymer Sample
mg.
CO
mg. H2°mg.
%C %H 7.0 by 
d i f  f .
A 3.895 12.135 2.770 85.02 7.96 7.02
A/1 4.172 12.945 2.840 84.68 7.61 7.71
A/3 4 .073 12.545 2.820 84.07 7.75 8.18
B 3.705 11.205 2.700 82.53 8,15 9.32
B /l 3.935 11.845 2.745 82.15 7.80 10,05
TABLE 4
Q u a l i ta t iv e  E lem ental A nalyses of 
G r ig n a rd - tre a te d  polymers
Polym er Halogen
A ll Absent
A/2 »»
A/3 P re s e n t;  Io d in e  in d ic a te d
B /l Absent
B/2 P re s e n t;  Io d in e  in d ic a te d
B/3 Absent
C / 1 it
N ote: N itro g en  and Sulphur were n o t
d e te c te d  in  any of th e  polym ers.
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TABLE 5 
Hydroxyl V alues of Polymers
Polymer mg. KOH/g -OH oxygen c o n ten t %
A/1 23 0 .6 6
A/2 14 0 .40
A/3 33 0 .94
B/2 84 2 .4
B/3 32 0 .90
C/1 8 0 .2 2
TABLE 6
Q u a n ti ta t iv e  E lem ental A nalyses of 
M aleic A nhydride Copolymers
Polymer Sample
mg. C02mg. H2°mg.
%C %H %0 by 
d i f  f  •
D 4.003 10.205 1.875 69.57 5.24 25.19
D/3 4 .181 9.905 2.280 64.65 6.10 29.25
D/4 3.621 8.815 2.090 66.45 6,46 27.09
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TABLE 7
Non-aqueous t i t r a t i o n  w ith  sodium m ethoxide
Solvent Sample Weight
g*
E f fe c tiv e  
t i t r e ,  ml
Remarks on 
en d -p o in t
P y rid in e C i t r i c  a c id , B .P. 0 . 1 0 0 0 9 . 7 0 Colour faded
t» ii 0 . 1 0 0 0 9 . 6 0 Under N^,* Faded
»i Benzoic a c id , B .P. 0 . 1 0 2 0 5 . 8 5 * Sharp s ta b le
it ii 0 . 1 9 4 6 1 0 . 8 5 * ii
it ti 0 . 1 7 0 0 9 . 5 0 * it
Acetone it 0 . 1 5 6 0 8 . 7 5 * it
P y rid in e P h th a lic  a c id , 
comm.
0 . 4 9 2 0 4 0 . 3 0 * F a ir ly  sharp
it P h th a lic  an hydride , 
comm.
0 . 1 1 3 8 6 . 0 0 Sharp s ta b le
ii M aleic anh y d rid e , . 
comm.
0 . 3 7 9 0 2 9 . 2 5 * Poor (brown)
ii Polym er D 0 . 1 0 0 0 3 . 8 0 * Colour faded
ti it 0 . 2 2 7 5 8 . 6 0 * it
ii ii 0 . 3 5 6 3 1 3 . 0 0 * Sharp, s ta b le  30*
Acetone !! 0 . 0 9 7 6 3 . 7 5 * Sharp s ta b le
P y rid in e Polymer E 0 . 3 9 0 0 0 . 7 5 it
ii Polym er E/1 0 . 1 9 6 5 I 0 . 5 5 !
i
ii Polym er F
_________
0 . 1 8 7 0
i
1 . 2 5
! " ..... .....
* G e la tin o u s  p r e c ip i t a t e  a t  th e  end -p o in t
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TABLE 8
E q u iv a len t w eigh ts of a c id s  and anhydrides 
by non-aqueous t i t r a t i o n  w ith  sodium h y d ro x id e . 
u s in g  benzo ic  ac id  as s tan d a rd
Acid o r 
A nhydride
Formula Mol.
w t.
E q u iv a len t Weight
C alc. Found
C i t r ic  a c id C6H8°7-H2° 210.14 70.0 70.4
P h th a lic  a c id C8H6°4 166.13 83 .1 82.9
P h th a lic  anhydride C8H4°3 148.11 148.1 128.6
M aleic anhydride
. W a 100.07 100.1 97.0
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TABLE 9
G ra f t p o ly m e risa tio n  o f n -b u ty l m e th ac ry la te
CONTROL Polymer D/1 Polymer D/2
P e re s te r  polym er, g. - 0 .250 0.250
n -b u ty l m e th a c ry la te , g . 5 .00 5.00 5.00
T oluene, g . 15.00 15.0 15.0
Polymer s o lu t io n ,  g . 1.3294 1.4648 1.2945
Quinol added ( a ) ,  g . 0.0463 0.0473 0.0408
D ried f ilm  ( b ) ,  g . 0.0619 0.2130 0.1502
Polymer = b -  a * , g. 0.0156 0.1657 0.1094
% polymer 1.17 11.3 8.45
% conversion 4 .7 45 .2 33.8
* I t  was assumed th a t  n e g l ig ib le  q u in o l was lo s t  by ev ap o ra tio n  
during  d ry in g .
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TABLE 10
V in y lid en e  c h lo r id e  g r a f t  p o ly m e risa tio n  s e r ie s  I
CONTROL Polymer D/3 D i-benzoyl 
p e ro x id e
A cetic  a c id , g . 7 .5 30.0 30.0
I n i t i a t o r ,  g. - 0 .50 0.050
V iny lidene  c h lo r id e ,  g. 2 .5 10.0 10.0
P roduct R eference VDC 1 VDC 2 VDC 3
I n i t i a l  appearance C lear
c o lo u r le s s
C lear p a le  
yellow
C lear
c o lo u r le s s
72 hours a t  25°C it P a le  yellow  
p p t.
Dense w h ite  
p p t.
104 ” " " it Cream p p t. ii
T o ta l y ie ld ,  g . - 0.5243 0.4434
Conversion - 0.24% 4.4%
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TABLE 14
A c r y lo n i t r i le  g r a f t  p o ly m e risa tio n  s e r ie s  I
CONTROL Polymer D/3 D i-benzoyl p e ro x id e
A cetic  a c id , g . 30.0 30.0 30.0
I n i t i a t o r ,  g. - 0 .50 0 .050
A c r y lo n i t r i l e ,  g . 10.0 10.0 10.0
P roduct re fe re n c e AN 1 AN 2 AN 3
I n i t i a l  appearance 
a t  25°C
C lear
s o lu tio n
P a le  yellow  
s o lu tio n
C lear s o lu tio n
24 hours a t  25°G it it ii
50 " ,f " ti it ii
F u r th e r  96 h rs  a t  50°C n it Dense w h ite  p p t.
7 days a t  50°C if ii it
2 3  >» «f tt ii it Unpourable cake
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TABLE 16
A c r y lo n i t r i le  g r a f t  p o ly m e risa tio n  s e r ie s  I I I
CONTROL Polymer D/8a d i-b en zo y l
p erox ide
A cetic  a c id , g . 30.0 30.0 30.0
I n i t i a t o r ,  g. - 0 .50 0 .010
A c r y lo n i t r i l e ,  g. 10.0 10.0 10.0
P roduct re fe re n c e AN 9 AN 10 AN 11
I n i t i a l  appearance 
a t  50°C
C lear
s o lu t io n
P a le  yellow  
s o lu tio n
C lear
s o lu tio n
12 hours a t  50°C !l !t ii
12 days " n 11 11 it
30 " " " 11
L ........... ........ . . . . . .
11 ti
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TABLE 18
M ethyl m e th a c ry la te  g r a f t  p o ly m e risa tio n  s e r ie s  I
CONTROL Polymer D/9a
A cetone, g . 15.0 15.0 15.0
I n i t i a t o r ,  g. - 0 .50 1 .0
M ethyl m e th a c ry la te , g. 10.0 10.0 10.0
Product re fe re n c e MMA 1 MMA 2 MMA 3
I n i t i a l  appearance  co ld C lear
s o lu t io n
T urb id
s o lu tio n
Opaque
d is p e r s io n
I n i t i a l  appearance a t  50°C ii C lear
s o lu t io n
C lear
s o lu t io n
65 hours a t  50°G Medium
v is c o s i ty
c le a r
s o lu tio n
High
v is c o s i ty
c le a r
s o lu t io n
High
v is c o s i ty
c le a r
s o lu t io n
Q uinol added, g. 0 .05 0 .05 0 .05
Acetone fo r  d i lu t io n ,  m l. 100 100 100
Rate o f a ch iev in g  homogeneity Rapid Slow Very slow
V isc o s ity  o f s o lu t io n Low Medium Very h igh
D ilu ted  w ith  ace to n e  to ,  m l. 200 200 200
S o lid s c o n te n t o f 10 ml. p o r t io n ,  g . 0.0886 0.2717 0.3431
T o ta l y ie ld ,  g. 1.772 5.434 6.862
Conversion 17.2% 48.8% 58.1%
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TABLE 19
M ethyl m e th a c ry la te  g r a f t  p o ly m e risa tio n  s e r ie s  IX
CONTROL Polymer D/9b
A cetone, g . 15*0 15*0
.
15.0
I n i t i a t o r ,  g . - 0 .25 0 .5 0
M ethyl m e th a c ry la te , g . 10.0 10.0 10.0
P roduct re fe re n c e MMA 4 MMA 5 MMA 6
I n i t i a l  appearance co ld C lear V. f a in t l y F a in t ly
s o lu tio n tu rb id tu rb id
I n i t i a l  appearance a t  50°C it C lear C lear
s o lu t io n s o lu tio n
65 hours a t  50°C V iscous V iscous V iscous
c le a r c le a r c le a r
s o lu tio n s o lu tio n s o lu tio n
Q uinol added, g . 0*05 0 .05 0 .05
Acetone fo r  d i lu t io n ,  ml* 100 100 100
D ilu te d  w ith  ace to n e  to ,  ml* 250 250 250
S o lid s  c o n te n t o f  10 ml* p o r t io n s ,  g. 0.1925 0.2454 0.2864
T o ta l y i e ld ,  g. 4 .8 1 6* 14 7.16
Conversion 47.6% 58.4% 66. 6%
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TABLE 20
M ethyl m e th a c ry la te  g r a f t  p o ly m e risa tio n  s e r ie s  I I I
r~ ........... -.-..I*.-... -I...... "• .... . .... ......- ......... 1 "■
CONTROL
Polymer D 
a lone
Polym er D + 
t - b u t y l  
hydroperox ide
A cetone, g . 15.0 15.0 15.0
Polymer D, g. - 0 .50 0 .5 0
t - b u ty l  hydroperox ide  (72%), g. - - * 0 .035
M ethyl m e th a c ry la te , g. 10.0 10.0 10.0
Product re fe re n c e MMA 7 MMA 8 MMA 9
Appearance co ld C lear
so lu tio n
C lear
s o lu tio n
C lear
s o lu t io n
12 hours a t  50°C V iscous
s o lu tio n
No
change
V iscous
s o lu tio n
24 " " n it t> tt
51 11 11 " Very
v isco u s
s l ig h t ly
v isco u s
R ig id  g e l .
Q uinol added, g . 0 .05 0.05 0 .0 6
Acetone fo r  d i lu t io n ,  ml. 100 100 100
D ilu ted  w ith  ace tone  to ,  m l. 250 250 250
S o lid s  c o n te n t on 5 m l. p o r t io n s ,  g. 0.0578 0.0365 0.1326
T o ta l y ie ld ,  g . 2 .89 1.83 6.63
Conversion 28.4% 12. 8% 60.8%
* T h is  le v e l  o f t - b u t y l  hydroperox ide was s e le c te d  as being  in  
th e  same p ro p o r tio n  to  polym er D as th e  p ro p o r tio n  used in  p e r -  
e s t e r i f i c a t i o n  fo r  polym ers D/9a and D/9b (see  s e c tio n  7 .7 * 1 .9 )
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TABLE 21
C h lo rin e  c o n te n t o f V iny lidene  C h lo ride  Polymers
Sample
W eight
ta k e n ,
mg.
S ilv e r  
n i t r a t e ,  
0 . 02N, ml.
C h lo rine
co n ten t
V in y lid en e  
c h lo r id e  c o n ten t
by
a n a ly s is
from
y ie ld
VDC5 (G ra ft) 23.78 14.58 43.48% 59.3% 59.4%
VDC6 (G ra ft) 26.32 12.79 34.46% 47.0% 43.9%
VDC7 (Homopolymer) 19.45 20.10 73.28% 100% -
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TABLE 22
F ra c t io n a t io n  o f a c r y lo n i t r i l e  g r a f t  polym ers s e r ie s  IV
AN 12 AN 13 AN 14 V AN 15
Y ield  o f t o t a l  polym er, g. 0.0170 0,5390 1.3194 1.4002
Appearance C lear C lear C lear W hite
g ran u les g ran u les g ran u le s powder
Aqueous ace tone  e x tr a c t  (1) AN 12/1 AN 13/1 AN 14/1 AN 15/1
Appearance C lear C lear tu rb id opaque
s o lu tio n so lu tio n liq u o r l iq u o r
E x tra c t d i lu te d  to ,  ml. 25 50 50 50
S o lid s , v ia  5 m l.,  g. N il 0.476 0.180 0 ,283
I .R . Spectrum  No. - 14 15 19
I.R . Spectrum evidence - No. AN S+low AN S+med. AN
Aqueous ace to n e  e x t r a c t  (2) - .. AN 14/2 AN 15/2
Appearance - - S l ig h t ly tu rb id
tu rb id liq u o r
E x trac t d i lu te d  to ,  m l. - - 25 25
S o lid s , v ia  5 m l . ,  g. - - 0.065 0.103
I.R . Spectrum No. - - 16 20
I.R . Spectrum evidence - - - S+med. AN S+med. AN
R esidue d r ie d  * AN 12/2 None AN 14/3 AN 15/3
Residue w e ig h t, g. 0.0140 N il 1.6612 0.8721
T.H.F. e x t r a c t - _ AN 14/4 AN 15/4
E x trac t d i lu te d  to ,  m l. - - 25 25
Appearance - - C lear C lear
c o lo u r le s s c o lo u r le s s
S o lid s , v ia  2 m l . ,  g. - - 0.035 0 .063
I.R . Spectrum  No. 13 - 17 21
I.R , Spectrum  ev idence No S tyrene - S+no AN S+no AN
R esidue d is so lv e d  in  D.M.F. _ ■ _ AN 14/5 AN 15/5
Appearance - - C lear C lear
p a le brown
brown
S o lu tio n  d i lu te d  to ,  m l. - 100 100
S o lid s , v ia  5 m l. ,  g. - - 0 .900 0.864
I.R , Spectrum  No. - - 18 22
I.R . Spectrum evidence - - S+high AN S+high AN
T o ta l w eigh t o f f r a c t io n s ,  g. 0.0140 0.476 1.180 1.313
Polymer recovery 82*5% 88.3% 90.0% 93.6%
..................... »
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TABLE 23
F ra c tio n a tio n  o f m ethyl m e th a c ry la te  g r a f t  polym ers s e r ie s  X
MMA1 MMA2 MMA3
S o lid s  c o n te n t o f so lu tio n *  w/v% 0.886 2.717 3.431
Volume o f s o lu t io n tak en , ml. 100 100 100
T o ta l volume o f m ethanol: 50 ml. no change no change no change
75 ii ii ii
85 it ii it
95 Turbid—> p p t, 
MMA1/2
ii it
100 Turbid—> ppt. 
MMA1/2
F a in t ly
tu rb id .
F a in t ly
tu rb id .
110 F a in tly  
tu rb id —> ppt. 
MMA1/3
Very tu rb id ,  
p a r t i a l  p p t. 
MMA2/1
Opaque 
w h ite , p a r t  
p p t. MMA3/1.
125 C lear l iq u id  
w ith  t r a c e  
p p t.
Opaque w h ite  
V. s l ig h t  
s e t t l i n g .
Opaque w h ite  
V. s l ig h t  
s e t t l i n g .
150 No change 
MMA1/4
No change No change
175 C lear
so lu tio n
P a r t i a l
s e t t l i n g .
MMA2/2
P a r t i a l
s e t t l i n g .
MMA3/2
200 T urbid  V. 
slow ly 
MMA1/5
Opaque
liq u id
Opaque
l iq u id
Added A.R. Heptane + 125 ml. - No change «
Added A.R. E th er + 275 ml. - - No change
Added A.R. E th er + 175 ml. V. Slow
s e t t l i n g
MMA2/3
Added A.R, E th er + 150 ml. V. slow 
s e t t l i n g  
MMA3/3.
L iquor d i s t i l l e d  below 48 •c, ml. - 450 550
R esid u a l l iq u o r ,  ml . - 100, cloudy 100, cloudy
Added A.R, E th er + 50 ml. S lig h t
s e t t l i n g
MMA2/4
Added A.R. E th er + 50 ml. - No fu r th e r -
s e t t l i n g
Added ace tone + 25 ml. 250 ml.
tu rb id
MMA2/5
Added ace tone + 100 ml. 200 m l. 
c le a r  soln* 
MMA3/4
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TABLE 24
A nalysis  o f f r a c t io n s  from m ethyl m e th a c ry la te  g r a f t  polym ers s e r ie s  I
F ra c tio n Volume
T o ta l s o lid s
i
I n f r a - r e d  spectrum
1
F ra c tio n  % 
o f t o t a l  
recovered*
m l. ml. used No. Evidence
MMA1/1 50 5 0.382 25 S ty rene  ab sen t 44 .0
2 25 5 0.182 26 i t  it 21 .0
3 25 5 0.184 27 u  t i 21.2
4 5 5 0.088 28 i i  it 10,2
5 5 5
T o ta l  =
0.031
0.867
3 .6
MMA2/1 50 5 1.124 29 S ty rene  absen t 41 .0
2 50 5 0.472 30 i t  it 17.2
3 100 10 0.396 31 ” p re se n t 14.4
4 100 10 0.704 32 i t  ir .25,6
5 250 10
T o ta l =
0.050
2.746
33 t i  i i 1.8
MMA3/1 50 5 1.213 34 S ty rene  absen t 34.8
2 50 5 0.746 35 t t  i i 21.5
3 100 10 0.828 36 " p re se n t 23.8
4 200 10
T o ta l =
0.690
3,477
37 i i  i i 19.9
* E xpressed  as % of t o t a l  w eight recovered .
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TABLE 25
F ra c tio n a tio n  o f m ethyl m e th a c ry la te  g r a f t  polym ers s e r ie s  I I
MMA4 MMA5 MMA6
S o lid s  c o n te n t of s o lu t io n , w/v7 1.925 2.454 2.864
Volume o f s o lu t io n  tak en , ml. 100 100 100
T o ta l volume o f m ethanol, 85 ml. No change No change No change
95 Turbid—>ppt 
MMA4/1
t t t t
100 C lear
so lu tio n
ii t t
110 Turbid—>ppt 
MMA4/2
S ta b le  
d isp e rs io n  
+ p p t. MMA5/1
S ta b le  
d is p e rs io n  
+ p p t . : MMA6/1
150 Turbid—>ppt 
MMA4/3
S tab le  d isp n . 
No p p t.
S ta b le  dispn* 
No p p t.
175 C lear
so lu tio n
it t t
200 T race p p t. 
MMA4/4
t t t t
Added A.R* E th er 25 ml. t t
i t
S ta b le  
d isp e rs io n  
+ p p t.
MMA6/2
+ 50 ml. t t No p p t.
+ 5 0  ml. - tt S lig h t  p p t. 
MMA6/3
Liquor d i s t i l l e d  below 62°C, ml. . - 300 290
Residue l iq u o r ,  ml. 300, MMA4/5 80 60
'• M + ace tone  to  100 ml*
.
S ta b le  
d isp e rs io n  
" MMA5/2
S ta b le
d is p e rs io n
MMA6/4
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TABLE 26
A nalysis  o f f r a c t io n s  from m ethyl m e th ac ry la te  g r a f t  polym ers s e r ie s  I I
F ra c tio n Volume
T o ta l s o lid s I n f r a - r e d  spectrum F ra c tio n  % 
of t o t a l  
re co v e red *ml. m l. used 8* No, Evidence
MMA4/1 50 5 1 . 0 0 0 38 S ty rene  absen t 55.5
2 50 5 0.420 39 tr  ti 23.3
3 25 5 0.314 40 i t  t t 17.5
4 10 10 0.067 - - 3.7
5 300 10 
T o ta l  =
N il
1.801
MMA5/1 50 5 1.004 41 S ty rene  absen t 42 .5
2 100 5
T o ta l =
1.344
2.348
42 " p re se n t 57.5
MMA6/1 100 5 1.168 43 S tyrene absen t 42 .7
2 50 5 0.420 44 i i  i t 15.4
3 25 5 0.144 45 T race of s ty re n e 5 .3
4
_
100 5
T o ta l =
1.004
2.736
46 Sty rene  p re se n t 36.6
*  Expressed as % of to t a l  weight recovered.
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TABLE 27
F ra c t io n a t io n  o f m ethyl m e th ac ry la te  polym ers MMA8 -  MMA10
MMA8 MMA9
•
MMA10
S o lid s  c o n ten t o f s o lu t io n , w/v% 0.810 3.024 2.604
Volume o f s o lu t io n  ta k en , ml. 100 50 50
D ilu te d  w ith  ace to n e , ml. 50 50
T o ta l s o l id s  p re s e n t ,  g. 0.810 1.512 1.302
T o ta l volume o f m ethanol, 40 ml. - - C la r i f ie d
50 c le a r c le a r c le a r
70 n it t u t
80 tt t t V. F a in t ly  
tu rb id
90 it V. F a in tly  
tu rb id
F a in t ly
tu rb id
95 tt F a in tly
tu rb id
T urb id
100 tt tt opaque
d is p e rs io n
110 Turbid—>ppt 
MMA8/1
Turbid—>ppt 
MMA9/1
M ainly pp td . 
MMA10/1
120 F a in tly  
tu rb id
F a in tly
tu rb id
F a in tly
tu rb id
130 P a r t ly  pptd  
MMA8/2
P a r t ly  pptd  
MMA9/2
P a r t ly  pp td  
MMA10/2
140 P a r t ly  pptd  
MMA8/3
P a r t ly  pp td  
MMA9/3
P a r t ly  pp td  
MMA10/3
160 P a r t ly  pp td  
MMA8/4
P a r t ly  pp td  
MMA9/4
P a r t ly  pp td  
MMA10/4
200
'
Slowly 
tu rb id  + p p t 
MMA10/5
Added A.R. E th er 20 ml. Turb id  
liq u o r  + 
sm all p p t 
MMA8/5
Turbid  
liq u o r  + 
sm all pp t 
MMA9/5
No p p t.
+ 60 ml. T race pp t 
MMA8 /6
No p p t. -
Added hexane 100 ml. - - No p p t.
L iquor d i s t i l l e d  below 65°C, ml. 250 250 Liquor = 
MMA10/6
R esid au l l iq u o r ,  m l. ca* 25, 
cloudy
ca. 25, 
cloudy
m
D ilu ted  w ith  ace to n e  to  50 ml.
i
C lear p a le  
yellow  
MMA8/7
C lear p a le
yellow
MMA9/6 . ..... .........-...... .
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TABLE 28
A n aly sis  of f r a c t io n s  from m ethyl m e th ac ry la te  polym ers MMA8 - MMA10
F ra c tio n Volumeml.
T o ta l s o l id s In f r a - r e d  Spectrum F ra c tio n  % 
of t o t a l  
recovered*ml. used g* No. Evidence
MMA8/1 5 1 5 0 . 2 8 0 4 7 Styrene  ab sen t 3 5 . 0
2 25 5 0 . 0 7 4 4 8 it tt 9 . 2
3 10 5 0 . 0 1 5 4 9 tt it 1 . 9
4 10 5 0 . 0 3 5 5 0 Trace s ty re n e 4 . 4
5 . 10 5 0 . 0 1 6 5 1 it ti 2 . 0
6 10 5 0 * 0 0 2 5 2 it it 0 . 2
7 5 4 5
T o ta l =
0 , 3 7 8
0 . 8 0 0
5 3 Styrene p re se n t 4 7 . 3
MMA9/1 5 0 5 0 . 7 1 6 5 4 Styrene absen t 4 9 . 3
2 2 5  . 5 0 . 2 2 7 5 5 tt tt 1 5 . 6
3 . 10 5 0 . 0 4 2 5 6 it it 3 . 0
4 25 5 0 . 0 9 4 5 7 Trace s ty re n e 6 . 5
5 25 5 0 . 0 9 1 5 8 tt it 6 . 3
6 5 0 5
T o ta l =
0 . 2 8 0
1 . 4 5 0
5 9 S tyrene p re se n t 1 9 . 3
MMA10/1 5 2 5 0 . 7 5 9 6 0 Styrene  ab sen t 5 8 . 7
2 5 0 5 0 , 3 0 8 6 1 tt tt 2 3 . 8
3 25 5 0 . 0 5 2 62 tt it 4 . 0
4 10 10 0 , 0 1 6 6 3 tt tt 1 . 2
5 25 5 0 , 0 6 7 6 4 tt it 5 . 2
6 2 4 2 10
T o ta l =
'
0 . 0 9 2
1 . 2 9 4
65 7 . 1
* Expressed as % of to t a l  weight recovered.
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E le c tro m e tr ic  T i t r a t io n s
iPolymer: (D) ,LlO,895.2j_g 
Water', 50 !mlX:Li.:::i:::..!::;- 
:A cetone,_25 ml;
pH-7
ml
■Tti
JPlolymerXC D/ 3)i,_ .0_.X020-ig.
i/a ter,:.: 60 L ml;.;:: J ;j
.Ac e t  one. r lO-_ip.ll i _ _
rt±i
pH—7
XI
■m
n t t
±F:i4±:
-ffF
NaOH
t±5:
±t+;
O..A.89Q.■Ma.lei ci 
Wa t  e r  , X' LOO : ml;-Cx±
203
FIGURE 2
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